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RELATIONSHIPS BETWEEN VARIABLES^ IN LEARNING AND MODES OP PRESENTING. 
MATHEMATICS CONCEPTS. . Abkemeier, M.' K. ; Bell, F. H. International 
Journal of Ma'thefnktlcal Education in Science and Technology , v7 n3, pp257 
27Q, August 1976. ' ' " - 

f • 

Expaijde^ Abstract and Analysis Prepared Especially for I.M.E. by Larry 
Sowder, University o.f^ Northern Illinois, Dekalb, Illinois. 



1. Purposes , ^ - < 

(a) To determine whether figural ar symbplic modes' in pro- 
grammed materials on functions give superior performance 
on immediate' learning or oji one-week retention. 

(b) yTo determine liirhejtMr there are interactions betweeik the 

4 figural and sjnnbolic modes and either sex or mode-pre- - 
ference. ^ . • , ^ 

(c) To explor^ relationships between these m.ode's and several 
of Guilford's structure-of-inteLlect (SI) aptitudes.- 



2. Rationale 

The attractiveness of the 'SI model, to researchers in aptitude*- 

treatmfent interaction (ATI) studies has Jed to several studies which 

, have not^given ^uniform, results. Some have used only a limited number of 
aptitude's.' None of the studies cited considered the^ learner ' sV^pre- 
feri*ed" mode of instruction. 

f . ' , ' . 

3^ Research Design and Procedure ^ . . 

One hundfed ninety-nine ^beginning algebra students were screened 
for suitable "abstraction age/* (Shipley abstraction test,) and prior 
knowledge of the m.athematical • concept of function. Jhe l60 survivors 
were g'iven a m.ode-pref erence test constructed by the authors' aYid then . 
were randomly assigned to a 3-class-sessdon use 'of programmed materials 
involving either a figural m.ode ^(^rrow diagrams, function machines) or 
a symbolic mode (symbols, forirfulas, sets of- ordered pairs). A 100- 
polnt learning test constructed by tfie authors, was given at the next 
clas^ and la second lOO-poi-nt test, a. retention test , was given a week 
later. (Ea:ch test present eji some item.s in figural, sym.bolic, and 
"neutral" modes.) During the week between the learning test and the 
retention test, 11 Sl-inspired aptitude tests were given, 5 for figural 
aptitudes, *5 foi;- symbolic aptitudes, and 1 for a semantic aptitade* 



* \ -i : ■ ' ■■ 

Findings 

(a) * Two-tailed t^-tes^s tp* = Q.OS) showed no * differences .bet;\^een 
^*the learning test or retention test performances of the 87 

"^^Igural S^s ot the 73 symbolic S^s. The 43 figural-mpde m.ales, 
^owever, performed better than the 39 sym.bolic^m.ode males on 

the learning test- items presented in a figural or a "neutral" 

mode. . ' 

« 

(b) No Interactions between mode and either sex or preferred , 
mbde were found in separate two-way analyses of variance 

(p = t).05). The 78 females*did perform statistically ttetter ^ 
than the 82 males'(^.g., learning test: f emales~55. 9%, 
malps — 50.0%; retention test : females — 67.^8%, m.ales — 59.2%). 

. 

(c) Various m.ultiple and simple linear regression analyses suggest- 
ed that' the aptitude, divergent production of figural systems 
(DFS; measured by the Making Objects test), w^s the best,, 
single predictor ,* giving a positive coefficient for the figural 
group and a negative coefficient for the S3n3ibolic group .and 
accounting for the'm-ajpr part of the variance (ca. 50% for 

• • the retention test scores, even af tet^ the other 10 measures * 

had been entered) . Cognition of symbolic systems (CCS; meas- 
; ur^d by the Letter Series test) was the best single predictor 
within the symbolic group, Cogpitlon of semantic systpm.s . 
(CMS; Necessary Facts'teSt) displayed som.e strength for the 
figural group. 

Interpretations 

(a) "Ih general, findiivgs. indicate (although not^ conclusively^ 

~ t\)Bt for student^ of approximately 15 years of age, especially 
ma^.es, a figural instructional mode is preferable to a symbolic 
mode" (p. 268).: • " * 

(b) ^"Althou^h it appears- that different verbal aptltu^Tes are need- 

led to learn from figural and s^bolic instructional materials, 

* the authors hesitate. to draw definitive conclusions ba§ed up- 
on the result? *CKf this sttidy" (p. 269): 

(c) It is possible to^ some extent to "design instructional prograifls 
to suit the learner's m.entjal aptitudes" (p. 269)^ as the*D?Sv 
re-sults sugg^est. However, not all the predictors behave *as 
they should. , ' ' * 



(d) DFS should be considered as a prMjpKor ot achievement with 
similar^ materials. \ \ 

(e) Experimenter-destgned aptitude measures se^m tja be ^required; 
difficulties of the usual "parallel" measures of aptitudes 
Vere'qbite different J.n this study; ^ " ^ 
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Xf) . Future ATI studies should consider *the information processing 

node of^he subject . * - . • 

Critical Commentary , 

• • • ^ 

(a) It is a relief .to an .abstractor td find an article that is 

' clearly written and reported In such detail that a reader ^ - 

has a very good idea of what the 'Study involved. Thank y^, ^ • 

" authors- j Nonetheless, an excerpt^of the Instructional materi- i ^ 

* * als and .sample^esf items would h^ve added even more to the 
report's understandability . Post-test measures of 50-60% 
pialce one wi^h-to sfee the items. The lengtl\ of t-he article 
^ probably resulted in the omission of the correlation co- 
efficients of^the measures, something of interest to ATI 
and SI devotees. _ • . ^ * , 

(b) Some other randomization j>rocedute could 'surely *have re- 
** suited in a better split than the 87-7 3. one obtained in 

the study. ^ * 



ERIC 



(c) The authors were honest in admitting that unfortunately 
the aptitude tests were given after the treatments (due 
to school tonstraints)! From a strict design viewpoint,* 
this disaster gives 'defensible grounds to anyone who 
cho'Sses to teject the study's assert i©^s about using the 
measures afe predictors. 

(d) Authors de not always write as though they understand- the 
statistical analyses they are using; these authors did. 
Especially noteworthy is th^ attention they gave to the 
assumptions forv statistical tests {not all of which were 
met). On Che others hand, they seemed t'o ignore the ques- 

N tionable practice of isolating single variables fn a con- 
text rich in other, possibly confounding, • information. 
After all, quite different hyper*-planes might give similar 
projections onto a single dependent variable-aptitude 
measure' plane. The authors can hardly be faulted for 

' • (apparently) giving attention only to models linear in the 
variables since this practice is so commop; yet, one would 
hope to find at least minor explorations o^ otTier models^ 

One last pointy on the analyses: rather than the separaj:^ 
2-way analyses of mode' vs^ s6x and mode vs^ preferred mode, 
would not 'a 3-way analysis — perhaps even multivariate — of 
mbde'vs sex v£ preferred mode have been more -instructive? 
And, why^were there pnly "figuril" and "symbolic" categorief 
of preferred mode? Would a "no^pxef erefice" category as^ a 
•'third level have made the definition of- the other two cate- 
gories questio^nable 1 ~ , 
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(e) Whither ATI research? Let u,s re-hash some of the concferns 
provQked by ATI results. Can treatments be designed which 
dq involve different levels of aptitude's strongly enough 
' ' so as to be dif f ferentialiy effective?' Are* the aptitude^ 
measures sensitive enough? Perhaps we should do J:dach-test 

f ' versions Of determining aptitudes instead. This study says, 
"Yes, perhaps." Some investigators refuse to admit that 
aptitudes are immutable. Hence, even if we coiAd ^design 
such^ treatments and measure aptitudes, should we play to a 
student's strength and allow important but weaken areas of 
cognitive functioning to atrophy or remain unde^^eloped?* 
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A STUDY OF PUPILS' PROGF-EXf^LANATIONS IN MATHEMATICAL SITUATIONS. Bell, 
A.W. Educational Studies in Mathematics , v7 nl/a, pp23-40,yJul/ 1976.* 

Expanded Abstract and Analysis Pre{5ared Especially for I.M.E, by Jeremy 
Kllpatrick, University of Georgia, - , - 



1% Purpose ^ • ♦ • • 

^ tT- • • 

The stiidy was undertaken '*to analyze pupils' attempts tp constrj^ict 
proofs and explanations in simple mathematical situations, to observe 
in what ways they diffet from the mature mathematician's use of proof, 
and thus to derive guidance about how ^best to foster pupils' develop- 
ment in this area." (p. 23) 



Rationale 



The widest variatio']^ across cotJ^Ttries in mathematics teaching is • 
probably in their "Approaches to proof. This variation is based on a 
ten#ion between recognizing that dedyction plays an essential role in 
mathematics and acknowledging that* usually only th& most capable- pupils 
understand ded^action-. * Bell argues' that pro^f grows out of the (grad- 
ually externalized) testing that accompanies the development of general- 
izatioKs. An awareness of* the public status of knowledge and the value 
of public verification is necessary if pupHs are to appreciate the 
purpose of formal proof, and cooperative research activity by the class 
is probably the best' mechanism to develop such" an awaren^^s. Knowing 
characteristics of pupils' proof-explanations may be helpful -to instruc- 
tion. ■ . 

In an earlier work Bell identified stages in pupils' understanding 
of deductive proof* In the present study he used a greater variety of 
problems and made a deeper analysis of responses. *- 



Research Design and Procedure 
' ' ^ n 



Ten numerical- and geometrical problems requiring the explanafion 
and -justification of a, ^iftnetalization ware given to 30-40 fourth-form 
pupils (aged 14-8 to 15-8) of all levels of ability selected from one 
^•graininar ' and two comprehensive schools. TJie article deals primarily 
withi pupils ', responses to t\lo problems: One and the Next (in which the 
pupil must explain, for numbers up to 15^ why just one of two consecu- 
tive numbers and their sum is a multiple of three) and Triangles (in 
whffih the pupil must generate the complete set of ea^lateraU t^r iang^^s 
whose vertices lie on a given equilateral triangle)^^with additional 



* This report is apparently based on CJiapter 9 of Bell's doctoral thesi 
'"The Lear|iing of General Mathen?atical Strategies". (University ot. . 
Nottingham, 197^6). 



Illustrations from Add and Tak6 (in which the pupil must ^explain why, if 
an arbitrary number between 1 and 10 is added to anfl subtracted froip 10,' » 
the sum of the resulting jfwo numbers is always ^ he same). The proc'edui;^ ^ 
for obtaining "scripts" from the pupils is not explained in the 'article, 
but ttie doctoral dissertation ind'ioates that the problems were put into 
pairs in half-hour tests, with pupils writing out their responses. 

Each script was assigned to a category depending on the pupil's pre- 
dominant approach t6 the problem. • The six "empirical" categories ranged 
from the failure to generate correct examples or to comply with the 
given conditions through the checking of a full, finite set of cases. 
The seven "deductive" categories ranged from the tailure to use correct . 
exatnples to test the general statement through a complete and connected 
argument from data and accepted facts or principles to the conclusion. 
Thirty-two scripts for each of the two primary problems were also cate- 
gorized by a s.econd person; only two scripts required feclassif ication 
b^mutual. agreement, .^rfen scripts originally classified at the bottom, 
of the "empirical" hierarchy because .of failure to comply with the prob- * 
lem's conditions were re-categorized, ii possible, , by accepting the 
pupil's interpretation of the problem and then classifying the approach. 

( 

4. Findings . ' 

' ' " ■ ' • ^ 

The percentage of the 32 pupils whose script fell into each cate- 
gory is given for the two m.ain problems . ' An appendix contains three 
sample scripts for Triangles two sample scripts fdt One and-thd Next; , 
and one for Add and^^Take . (Excefipts from these and other scripts were 
used to illustrate the m.eaning of the various categories.) 

One and the Next wag a hard^prbblem for the pupils: 48% (actually 
50%) failed to interpret the problem correfc'tly, 9% asserted the general- 
ization on the basis of a few cases, 19% correctly checked all 14 cases, 
and the remaining 31% made some 'incomplete 'attempt at a deduction. 
^The percents add to more than 100; an unexplained inconsistency between 
a sample size of 35 In tne dissertation and 32 in the article appears to 
account far^ the excess.) * Triangles wa^ also a hard problem: 9% mistook 
"equilateral" for "congruent", 28% generated triangles whose vertices 
were not on the given triangle,* and only one pupil's response reached 
the* level of incomplete explanation. 



Interpretations 



/ 



Bell argues that m^^y of the pupils' failures arose from 'their in- 
Abirity to coordinate all of the data in the -problem. ' The complexity of 
the problems appeared to overload their inform.at ion-process ing rapacity. 
Bell suggests that experience with problems of the ,sor|| used in t\\e study 
together with Polya's hints for understanding a problem m.ay be a means 
of countering the effects of problem com.plexity. He also tnentions a need 
*to make pupils more aware of the usefulness of algebraic approaches in . 



.10 



number .situations, of a syst^ematic ordering of examples,, and of repeated 
attempts to take fresh poin/s of view. Conscious attention to strategies 
V an4 discussion of the nati^re of proof-explanations are hypothesized •to 
•be effective in improving the abilities to generalize and prove. 

» • * ^ Critical Commentary ^ . ^ 

Bell is to be commended for his penetrating analysis of some .of- the 
dif f iculties' pupij-s have in formulating and verifying mathematical gener- 
alizations. .He has made a good stab at erecting an analytic framework, 
but the category scheme 'appears to be a(d hoc. Differences between pro- 
blems and between the dissertation and the article .in the categories used 
suggest instability in the scheme; it should 'be tried with fresh sets of" 
\ problems and pupils.. 

The argument .for problem com.plexity as a critical factor in failure 
to provide adequate proof-explanations' would have been strengthened by 
Evidence that pupils could offer such explanations vhen problems were^ 
not so komplex. Although the dissertation does not present such^vide^ce 
l.t does 4)rovide a fuller, and a more , convincing, analysis tljan-^rhe arti- 
cle does. 



THE INTERPRETATIONS OF • STATEMENTS IN 'STAltoi^^RD x6gICAL FORM BV PRESERVICE ' 
ELEMENTARY TEAX:HERS, Damarin, Si K. Jo\itti^\f^x^ jetSBarch In^Mat; hema tics 
Educat ion, vB n2, ppl23-131, MkrctfLW?* ^ i.*^ ; . 



Expanded Ab 
C. Jansson 



bstract ^and Analysis Prepared flgpeai^lly^ txti^ I.M.E. by La'rs 
, University pf Manitoba,* * •^j^V',^ ♦ \' v^f ' "^ .^ ^* 



1. Purpose ^ 

• .The major purpose of the study was to determine ;^he ^if'^iirt* pd _ 
which preservice elementary teachers use mat-hejuatical iogic ^in their , 
interpretation of mathematical statements in standard logic'Sl form; A % 
secondary purpos.e w^s to investigate which 'ehanges In the truth values 
rof ♦component simple statem!ehts would be made by subjects ^hen asked to 
alter the situations so as**to change- the 'truth/^lue of a compound state- 



ment . 



2\ Rationale 



The importance. a^^logical reasoning, not only as a lohg-term^ ' 
goal, but as a tool for learning aiwLjIoing elem^tary mathematics,* 
appears to be increasing vy.th the current emphasis on problem solving. 
Earlier stu(y.es established th^t ^preservice elementary teachers experi-. 
ence difficulty in handling logical connectives. Th6 present study re- 
lates its findings to eajJ4er studies in a number of vays. Ampng these 
ways are (1) exploring^ new type of logical task, and (2) restricting 
itself to content Va the domain of mathematics. The^ latter was done 
in a way so as to be independent of prior mathematicgj. knowledge. With- 
i»A this content domain several hypothefses of previous- researchers re- 
garding similarities in the handling of conjunction/ conditional, and 
biconditii^al are examined. . " ^ ' j 



3. • Research Design and Procedure . ' ^ * . 

A 32-item "Truth Value Inventory" (TVI) was adnrinistered^to 70 ► 
pr^'servic^ el^.entary teachers. A three-factor ANOVA wat used, to analyze, 
connectives (four levels: 'conjunction, disj^uacti^n, conditionafT, bi- 
conditional), truth values (four, levels: TT, TF, FT, FF) ♦ and subjects 
(70 replications)/, A sample item pair, is given ip Figui;^ 1. In this 
instrume*nt, each item consi$t> of two mparts. If t^|jth va;lue is considered 
as a func;tion, then standard * inf ef ence tasks' are of ^^e form>, Vhere C ^ 
is any logical connective: TV(£C£) =» given, and, say TV(£)^= given, ^ 
TV(£) - ? Using tHis .symbolism-, the first p^rt of each i<em may be 
phrased: ^ * 

. * ^ f TV(£) « g*ren , * - , * ^ 

> TV(5[) = given 

TV(£Ca) = ? I . ; 



*and the second* part : 



/• TV(£C£). = -given ♦ • 

• . select ( TV(£). TV(£). * 



,^ '.Responses to trCie-f^lse p*rts*of items were scored^as: true = 6,, 
•emit *'2, false = 1.^ The' four connectives and four truth-value leye^s 
'give- '3 4x4 matfix of* items and each -type was duplicat'e4 to, make up' the 

tnstrumfent. Pairwise comparison of means was carried out by Tufcey's*- 
Jsd; -method. , . ' 



The four s^tements^ on this page reefer to these sets: 






Set A 



Set B 



Read each statement^, carefully; then circle its truth " 
alue (T if true, F if false). Then circle tJhe objects you^ 
would move to the other set in order to change the truth val,ue^ 
pf the statement, fletnember to move as. few as you can and sti« 
change the truth valjue! , - . * • . j 

\ \ \ \' y >^ ^ / ' 

is in set A then ^Is.in'&ef B. ' ^ ^ 1 



1. If 

Move - * — 

2. w— ^ is in set A and Stit^ is in set 1S$ 



Move: 



Jlgure 1. Abbreviated direction%and sample items from /Truth Value 
Inventory, From Journal for Resjgarch in Mathematics 
"Education^ March 1977, pi 125. ' - ' ' 



Respdhfes to the segoftd %aj*jts of items,* dr "moves". were scored 
according .fo the syst^em: 0 =^ nq. moye made , . 1 'move only the object 
itt,^tl3(fe ^Irst simple statement; 2, « move only the object fn the second 
simple statement; 3 = ^ove *b6th ol>3ects mentioned in the compound 
statement; 4 » *any deviatidn*^ from the above. These^ scores 'were com- 
«blne^ wltTi true-false scores- yield a 15-point nominal' scale. 
Frequ^ficy distributions ^were computed for each item. - Examination, of 
these diatrlbutifcns suggested post hoc hypothes'es that were tested by 



',the chf-square dtatistic. . Presumably the ANOVA is calculated on the basi 
O't the first (true-false) Scores only, 

4, Findings. . ^ ^ ^'^O \ ' * ' ♦ 

Sixteen tetra^pi'ic coi^relations were-^computed and found to be 
acceptable a^J^measure oi* item-pair re*J.ia5ility . The ANOVA indicated 

'that (1) the^oportion of compound s|:ateinent^ declared to be true varies 
as a fynctidn bf thlP^cbnnective, and (2) the. proport ion of compound state 
ments declared to be truth values .as a function pf the combination of 
truth valueg-of the cqjnstituent/parts. \n\en comparisons are made among 
conneQtfves with 'truth values. held constant', there is only one case (fals, 
false) for which the conjunction differs from the biconditional, and -in 
no case does the conditional differ from' either the conjunctive or the 
biconditional. Thfe disjunction differs from *all other forms in the , true- 
fal^e and "lalse-tr.ue cases, and from, the biconditional when both simple 

' statements , are false. 

Similarly, vhen ,com.parisons are made am.ong input truth values with 
connectives held constant, there Is no significant difference between 
true*-false and talse-true statem.ent^. For conjunct ion§^ the re is no 
.dlff6^,ence between, false-false and ia^se-true or true^false; for impli- 
cations false-true and fals^-false are .not significantly different. 

Wi^feespect to the second part- of each item^ the following 
hypotheses yere retained: 

(1) The" "move*' part of an itemwiSi'be omitted more often, 
when the statement is declared true than when it is 
declared false » 

(2) In balanced statements * (conjunctions, disjunctions, and 
biconditionals with both parts true or l50th parts false), 
th6 move made will involve the second sim.ple stateuient 
more often than the first. 

Of the ojnis^:faus, 63% were in true-true situations.^ Omissions were 
*dlstribut'^4^^P^Qximately equallv^^^^t connectives. 



^ ■ 

Inter pre t at ions 



Confirming earlier studies, a major finding of this investigation- 
was that the subject tended to treat conjjLinctive , conditional, and bi- 
, conditional statements in the same way, declaring them, to be true only 
if Wth parts were true. Roughly half of the popula'tion also treated 
disjunction in this m.anner. % 

The pattern of omissions in^the move portion of the item may be 
either a hesitancy to select from 'among several responses or it could 
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result from subjects' uncertainty as to whether the. falsity of one simple , * 
, statement suffices to make the compound statement false. This calls for / 
further investigation. It is hypothesized that (1) preservice teachers 
seem to be more confident when adjusting situations to make false state- * ^ 
ments true than when making true statements f^lse, and (2) the second 
statement in a ,compound sentence seems to have a greater effect on sub- 
vj^ct behavior thair the first, ' ' , ^ > * 

Critical Coimentary 

(1) The sample items presented appear to this reviewer, in their 

two. parts, to be valid exemplar^j of th^ two types of logical tasks under * • ^ ^ 

study. However, no information on .test validity is provided and one 

could debate the validity of the seqond part of the item. The request 

to move an .object from one. set to another is not the same as selecting ^ 

TV(p) and TV(q). The tasks are more complex than this.^ Nevertheless, 

this is an excellent try at a different problem. 

(2) The report of, the s^udy is urtclear as, to how the instrument 
scoring system (see #3 4bove) is used iti relation to the hypotheses * 
and the analyses. The former deal with ^proportions and the latter with 

' a coptinuous score. Although there are equal "numbers |of item.s in each 
T-F category, item scoring in -rela-tion to these, is not stated. Similarly, 
the use of the 15-point nominal scale is not explicated. , Replication 
would be difficult at best without more information. 

(3) The effort here to deal with logical operators in a subject 
matter context is to be commended, although some may question the * ' 
mathematical nature of the test items. The standard inference items 
might also be tested witfiin mathematical content. 

The problem of content ^sting, is a difficult oce. It 1^, I 
think, generally agree^ that ^logical processes do not operate in a 

vacuum, that is, they operate on particular content. The difficulty ^ ^ 

is thus in dealing wrtH^'content that is independent of prior student * 
experience. There is real payof^f here for curriculiyn development in 
* knowing how subjects interpret logical operators within the domain of , ' 
mathematics. 
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BEG.LE KEVlSITEDr TEACHER KNOWL.EDGE.. AND STUDENT ACHIEVEMENT IN ALGEBRA.' ' 
Eisenterg, Theodore A. 'Jdurnal for Research in" Mathem/tlcs , Education- ; . " • 
v8 n3, pp216-222, ^tay 1977'. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by Mary Glrace 
Kan towski, University jD,f Florida. - * 



1. Purpose ^ 

This study is a replication orf the Begle (1972^ study to determine if 
a significant positive correlation exists between teacher knowle^dge and 
student performance in ^gebra I. 

2. * Ra tiona le ^ ' ' ^ ^ 

The author notes a selection bias in the Beg^e study: -492 teache*^*^ 
.began the study, but the sample was reduced to 303 bV the conclusion of the 
study. Moreover, the auth^)r notes the motivation factor involved since all 
teachers who took part in the Begle investigation were volunteers from 
among participants it National Science Foundation Institutes^ 
' ' ' 

Since teacher training programs are built on othe assmnption that 
teachers do influ^ce student learning," the author hypothesized that the 
selection bias in the Begle study <iould have affected th^g results. Thus, 
•the decision t^as made ^ to replicate the study with aa "unbiased" sample. 

3. Research Design and Procedure ' ^ j * 

^ Of the 52 teachers in junior high schools in Columbus, Ohio offering 
Algebra I, 42 teachers whose schools were willing to participate were ask^d 
to take .part in, the stu4y. Twenty-eight tea-chets participated. Twenty- » 
fiye finished the study. «^ 

Ea^ teacher took the Algebr^Inventory Form B exanjlnation (Begle,' ^ . 
1972). Two author-constructed logic tests and the^ Mathematics Inventory I 
Examination (Begle, 1972^ were administered toXlgebra I students of these 
teachers in the fall. During the winter other da|;^ (e^g.,' grades, aptitude^ ^' 
measures) Were gathered from student tiles. The Mathematics Inventory 111 
and IV (Begle, 1972) were administered to the students in the spVinjg. 
Regaj^ssibn equa,'tions wpre then: used to predict expected Mathemajtics Irr^ett^erjr^ 
pll and Mathematics Inventory IV scores for the students of. each teacher. 
Effects of teacher With respec^ to algebraic 'concepts and alg^jaic skills 
and cotrelations between teacher effects and teacher variabiles were^ comjfJutfid. . 
Student scores of "Begle teachers" and of "Coiumt>us teachers" were compared 
for MatRematics Inventories I, III, and IV. ' ^ ^ 



4. -Findings 



The "best" eight variable models for predicting algebraic- skills aridt 
algebraic concepts were listed. Among the best predictors of algebraic 
skills were grade earned in the last English^ course and Several measures of 



c 



academic aptitude using the ^hort Form Test of Academic Aptitude (SFTAA) 
* and the California Comprehensive Test of Basic .Skills' (CCTBS) scales. 
Among the best predi9toi:j5 of Algebraic concepts were Regie's Mathematics ' 
Inventory I, grade earned in*last mathematics course, the SFTAA non- 
language scale and three CCTBC mathematics scales • 

There were no significant correlations between the teacher variables * 
and effect of teacher on algebraic skillp or algebraic concepts on the part 
of the students. * 



^' , Critical Commentary 

(1) The author seems to have encoufitered difficulties similar to ' * . 
those faced. by Begle in the sample selection. Of the 52 Algebra I teachers, 
the. final" results used *only^25 — fewer than half. The question arises whe- 
ther the, author was, in fact, able to accomplish what he intended to do 

with similar sampling difficulties. In^fact, the prqblem was more pronounced 
with a smaller sample. 

• •< ' * 

f 

(2) The purpose of th^ author^constructed test was not clear. 

■ ' • ' *- 

(3) It is not clear why, in comparing student scores of "Begle 
teachers?^© "Columbus teachers," only 13 teachers were selected for compari- 
son using Inventory III and only 10, selected for comparison using Inventory 
IV, since the, entire sarqple of Columbus students was 'used for comparing 
student scores on Inventory I. Moreover, the scores of the three teachers 
who dropped out of the study were used in the comparison using Inventory J» 
Why? . ^. ^ 

.(4) In looHing at the "best predictors" fg^j^^success in algebraic ' 
skills , only* one mathematics-related variable J^CTBS arithmetic concepts) 
appeared^ in the eight-variable model. Howeve^^ among the "best predictors" 
for algebraic concef)ts , five of the eight, variables in the eight-variable 
model — including Mathematics Inventory I and "grade eai^ied in last mathe- 
matics class" — ^were good predictors. This observation raises interesting* * 
<juestions overlooked by the author. 
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Sll^Siir'^S »^NTALLY RETARDED ON THE KEY MATH DIAGNOSTIC , ' 

t?0^ . ""^"^i^l ^""^ Journal of Special Education 
vlO nl, pp61-70, Spring 1976. 

■ KJnn ^c"^ Analysis Prepared Especially for I.M.E. by Cardl A. ' 

Thornton, Illinois Stae* University. . • • • 

1. Purpose » 
To determine, f^r an EMR population: ^ ' , 

(a) Hie accuracy of the scaling of Key Math subtest 4tems. . '. 

(b) ' Hie. relitionship ofitem peTformance" to subtest and total test 

• performance. • . 

(c) . Whether subtest scores reptesen't uriique dimensionr^of total test 

performance. ' ■ ' • 

' - ' ' ' » 

[ • (d) Whether a relatively flat profile of performance over the 14 

subtests is obtained. , ' , " . , 

'Ce) Whether children at succeedin&ly colder ages perform at " . " 

approximately grade equivalent expectancies (based on M.A. rather 
than C.A.). 

* * -> 

2^ Ratidnale ... 



_ Although the pool of items originally generated for Key Math was drawn 
froni'studies of educable mentally retarded children, final test itpms were 
formed on poeula.t-ions x>f regular class studeats. Jones <1973) pointA^ut ' 
.the limitatioflf of using n9rm-refe;renced bests with exceptional populations' 
when the norms- are not specif ically developed for those population?: Since • 
Key Math is used the assessment of EMR children, it is necessary and 
useful, to generate additional data on the performance of an EMR population 
on Key Math. . •• ■ 

^ •. • . ■ . ■ > - 

3« Research besi^n and Procedure ' 

. . for this . study were 'randomly selected .from self- 

contained EMR classrooma in two gec(|raphically different school- districts, 
^e sample was dr^n' from a^ p^ul^tW An which the mean' IQ ^as 65.8 
1 i me^n- chronological age' was 11 years 4 months (S.D. = 5 years 

1 Bi6n|h5; and the *ean mental agd x^as, 7Jyears, d npnths (S.D. = 4 years 
0 months) By pooling children whose grade expectancies" (based on! M.A.) . 

f J? ^^^^""^^ ^"'^^ ^^^^^ i O-^.'the sample w^s partitionea " 

m the following manner : ' ^ . 



.a . • 40 O.D ^(M.A. < 5 years 6 months) 

•b ' 43 , between 0.5 and '1.5 

C . 50 between 1.3Jtod 2.5 



► d ' ^ 3S ^ between 2.5 and 3.5 



: , ' : , 30 . \ between 3,5 and 



^ f 19 ' between 4,5 and 5-5 * ' 

The Key Math^Ciagnostic Ar;Lt:hjnetic T^^st- was\t^dlvidual,lx administered 
to each subject by trained graduate stu^earf:s«aud^a9fe'»-pr6fessional?^ The 
Key Math manual directions were strictly followQ^,' ao testing e^ch of ' . 
the 14 s'ubtest areas was terminated .when th«^ item^ iti svtcdeslion'wefja- • 
missed' by k subject. ' ^ ^ . "^"^'r ^ ^ . '"^\ ' 



The 4<^cxiracy of the present scali^ne ^af, it'eiAs^ wjfhin ;subtdsts -for tlae . ' ^ 
EMR population ^as ascertained by calculating Xhe" percenjiag^ of tlie ;227, ' \ ' 
children passing g^ph item. and subsecjue'nfly exaikning; tkpse cjistribtitibna- .jjf 
of items which were at ^east 5 percentage ppirit^ jjiorfe ^djrficult' t;hiti the r 
next item on the subtest/ Bisferilil coi:te'ra;:ii|n analysis, was ■ used ^to a'^sc^S;, 
•the relationship o'f item perforniafiGe .-to suljte^^t jand total^'test^pe^ 
To determine whethet subtWst ' scores, rjet>resented aniqiie^ (Jimenslons of tcrfal ' y * 
test performance, subtest scores of the ,'Ji2Z,.ct\ildretv vete then factor-*.* 
analyzed using principl^^^ components--*the va^rim^ toctatipn^-^^chniqug. ' . . ^ 
The mean performanpes of each spbgroup. oJi\> each of bhe 14 suhtfestg^ ^^eye'' aJscT, 
calculated'^and ttie .px;bfile was plotted against the ygrade iilevcil' ^pectancy \> 
for each subgfbup. Pro,f lle^^trejids ^ratlier, tb% for£l;statiffti*caJ.>te5ts. . 4 
were used to determine yhether" EMR' childtah at .sudci^^^iagly ,blder qges.t;* • 
perforAied^at approkima\e "gra'de Jequj^valent ej^pertacfci^^ ^basted on'M.A. ; ' 
rather than C.A.). ' / . ^ ' r [ ; > ■ * • ' ■ 



4, Findings ' * . 

,* The analysis of*subtest item? yeVe^led tha^,.; ^o.r the 'EMtl .population, 
sampled, * items were qpite accur^tfel^" scaled iji tsirder; pf*^i'ncteasing 'dipfict 
Only 13 out of 209 items were "out o-f seq}ience.*'*'\Tl\e 'GpomeDry- and' ^ 
and Timd subtests had it^m difficulty 'sequences most^ at variance with 
published norms. ^ ^ • • \ - 



Subtest * ^ ^ ^ Item Numbers 

Geometry- and Symbols A nnore difficult than — ^ 6 

. • '.7 9" 

"11 *. ,12 

• ' 14 , '15 



Numerlation * ' 


*^ J 

7 

> 


9 . _ 


Numerical Reas^aing 




■ . .' 5 


Word Problems 


. . 6 


7 


~ — i 

_ Heffurei^nt <^ 

^ 


,12 


^ ' 7. r' 


"rtme ; ' , 


. 3 


4 




6 . ' 


7 and 8 




13 and 14 


15 ^ • 



— This analysi5^*<ffso revealed that, in terms of item flifficult^ for the " ^ 
^ sample, 'w^de gaps oft^n appeared between items or clustei^s of items within, 
|8ubtc8t^. On. Numeration 58% of the, ch'^i/ren *passed item 13, but only 21% 
passed item 14. On Fractions 60% passed item ^, but onfy 14%^ passed ^item 3. 
Geometry and' Symhals had a gap of 28 .percentage 'points between items^ll 
and 13. Division had a gap ^Oi7 percentage points between litems 2 and ^, 
and hfoney had a. 39 percentagie point gap between dtems 4 and 5.^ » * 

Biserial correlational analysis indicated that, with three esTceptloos, 
all items that did not £flrll into marginal apeas of difficul-ty contributed 
positively Ul^^i^ composition of the individual subtest scpres and the total 
/'^est score. S^nificant factorial validity was found for the claim of^ 
uniqueness of the 14 Key Math subtest^ (each being identified by a different 
subtest lx)ading J.n excess of + '.6Q0, .HoweVer, only limited validity could' 
be, found for the grouping of subtests by areas. 

Subtest 'profiles revealed a relatively'^ flat pattern^ of sligKt undier- 
achievement across the 1^ subtests, with two^ exceptions. Performance on 
the MissiAg Elements subtest was markedly below that on other subtests fol: 
the subgroups (wfth the exception of -subgroup e, where performance was still 
below expectancy aA<i among the poorest).* The Mon^/subtesf performance was 
consistently above grade level expectancy (with the exderption of subgroup f, 
vheice a score of 4.8 was achieved). * For all subgroups, performance on the 
"Money subtest wa^' higher than th^t on *any other subtest. The one outstanding 
trend revealed by the graphs of .the six subgroups across the 14 subtests is 
the incremet^tal deficit in performance (relative to grade-le\^l expectancy) 
o^ children at succeedingly oldet ages. . ' ^ * 



5. Interpretations " ^ • * ^ % . 

» C^) Since Keyfhath subtest items were not randomly akiministered 
♦* ' and not all ' items 'were given to all children, the data , - 
/ ♦ . generated canniJt be-«interpr,eted as a "renorming" of Key M^th. 

(b) Discrepancies in item difficulty sequencing 'suggest that an 
examiner of EMR chffLdren may^* want to proceed to the .next item 
when a ceiling* has been established for a child on an item 
• . ,which, across a ^representStive population, ^has b6en demon- 
strated to be^lHM^ difficult tjian the succeeding item. 



* Cc) 'While the difficulty level of the basal j^tems on most sub- • 
tests^is^ acceptable for EMR children (exceptions, being Multi- 
I plication and Mis^sing Elements) the children intend to reach 
. *^ ' : the ceiling mor^ rapidly. A lack of items in the raid-range 

of the tests prevents the fullest use of the data to provide 
diagnostic information that will effect prograramihg decisions 
' , * f or EMR children. For this same reason the instrument tends 
to lose power to discrimijiate achievement change (which pro- 
ceeds at a slower rate) for EMR children. 

Cd) Prbfile^ deviations above grade-level expectancy performance 

for. many EMR children on the Money subtest seems to te directly 
* related tp the emphasis placed on teaching money in EMR class- 

* - rooms. The. marked underachievement of the children on Missing 
Elements can be traced directly^ to the lack of* adequate basal 
items. ' ^ , 

Ce> The' pattern of slowed growth by succeedingly older subgroups _ 

of children in this population (represented in the limited gain' 
both in grade level equivalents of the rkw scores of the 
children on most subtests ^:|ter expected grade level 3.0 and 
th^ limited number of items mastered by ^0%" of the subgroup 
children after, that axpected grade Idvel) follows the pattern " ^ . 
detected by Burrow (1969) in a stud/ of reading and listening 
\ compr^ension""' among EMR children at sjucceedingly older age levels. 

• ' , Critical Cgmmentary / 

' ^This status study was well designed and executed to address a matter 
of practical significance to special educators. The ifff¥iculf ies^ pinpointed 
by the r'esearchers in the use o£ Key Math wi^h EMR ^roup^ are characteristic 
*of any norm-referenced in^trumen<: developed and normed on a population of 
children whose rate^and range of achievetnent exceeds that of exceptional 
learners. , ; * ' 

I 

I * ' 

' Two areas of further exploration are suggested to the abstractor 
by the present study: , 

\ ' I • . ^ 

(1) , Developmental work in consti?ucting a more viable diagnostic 



instrument for exceptional subpppulations might well begin 
by designing items of appropriate difficulty to fill the 
gaps between items and item clusters identif ied^ on subscales 
^by Good stein 'and his colleagues, 

(2)- further examination of age trends vs. grade. level expectancy 
in .profile analyses with larger, carefully selected samples 
may be a fruitful area of inquiry. It is not clear td what 
extent the increiftental deficit in performance by olderi groups" 
of children should be attributed to mental def icienci^^, to 
the effects of ^teacher expectancies, to ,curricular of/erings 
* and . instructional pract;Lces, or to the .role of early failure 

experiences. , > . 

; Within the limits set out by the researchers, the present study 
Itself was clearly reported. Only a slight ambiguity was notec^ in the 
-overall N of 227 when tallied against ihe total' of 220 Jin tke ciipposite 
subgroup. ' ' 1 
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STUDENTS' INTERESTS -IN PARTIcfULAR MATHEMATICS TOPICS. Hoga^ Thfimas P. 
Journal for Research In Mathematics Education , v8 n2, ppLl'5-122, March 
1977. ~ ^ ' ' . , 

Expanded Abstract and Analysis Prepaiied Especially fox I.M.E. by James 
M. Sherrill, University of British Columbia. 

1. Purpose 

. .to identify the 'degree of .self-expressed student interest in 
a'gre^t variety of parHlJcular xnatheinatics topics and to determine change 
In these interests across grade levels." 



2. Rationa 



1 



Measurement of academic interests in , the past has tended'^to concen*' 
trate on global statements about school subjects. Such measurement yiel 
ded litt^ information about specific likes and dislikes within a subjec 
area — inBrmation that is critical for understanding ^children and for ^ 
suggesting more fruitful research. * 

Aiken, iti' his - review of research on attitudes toward mathematics, 
concluded "...that the concept of a general attitude t9ward mathematics 
should be supplemented with- that of attitudes toward inore specific as- 
pects of mathematics...". 



3, Research Design ahd Procedure ^ - ■ ' 

' The Survey of School Attitudes (SSA) was administered to 13,401 
student^^ in 12 school systems, in 10 states,. Each of the two levels" 
^(Primary: grades 1-4 and Intermediate: grades 4-8) and tVo forms (A 

^...^4^ B)_ofjt he SSA had 1 8 mathematics items. -Each item consisted of 
a picture and a verbal'-atatement about the picture. For example, the 
item might have shown a set of geometric. figures, and th^ student re- 
sponded to the question "Do you like to work with figures?" The stu- 
dents marked each item on a three-point scale: like, indifferent, dis- 
like. The items we-re then distributed according to the' peifcentages of 

'students marking the "like" response for each item. 

Each of the'p^rimarv items was compared according to its ranking by 
gtades 1-2 and grades '3-4. An analogous compatison was made of the rank 
ing of t^ie Intermediate items between grades 5-6 and grades 7-8. The 
items were then distributed according to the change in^trte percentages 
of students marking the "like" responses. 



4. Flfadings * . . , 

In the lowjr grades, the average percentages-liking figure for all 
itemd combined'was 58%. However ^yiTbr individual items, consideigable 
diversity was n6ted; the percentage-liking figures ranged from approx- ^ 
Imately 40% to 80%, ' The most favored topics included mos't pf the meas- 
urement items,' several basic numeration topics, and story pTroblems. 
Among, the least favored topics, the geometry items stand out. Items on 
r;Set8 and number sentences also tended to be low. 

At the upper grades, the average percentage-liking data for a»ll 
items combined was slightly under 40%. As with the primary level, the 
variation on the items was considerable, ranging from about 26% to 60%. 

The most favored, items for the upper grades were a variety of com- 
putation items. It is hard' to categorize the least-favored items; no 
one group of items was ranked low relative* t6 the group of students. 
•However, pf the 56 items on the two forms fo,r the intermediate jgroup, 
only 4 ±tems had a percentage-liking figure over 50%. * 

In the lower grades, there was an increase in liking for doing addi- 
tion problems and virtually no decrease in liking for . doing subtraction 
problems. Maily of the favored items in numeration •tended to remain fair- 
ly stable, On the other hand, leading the decline in interest are two 
types of items that were among the least favored on the whole: geometry 
and sets. Some, but not all, of the measurement items showed appreciable 
declines . 

In the upper 'grades, working with graphs and some computation itepis 
showed little loss or even slight gain^ in degree of student interest. 
Leading the decline in iaterest wer^ items in geometry, word problems^ 
and a variety of numeration items. 

5. Interpretations 

The average percentage-lining figure for all items in the lower grades, 
(58%) indicates "a generally fflvorable attitude toward mathematics topics." 

At the upper grades, the average percentage^lJ-king .figure , for all. 
Items combined Was slightly under 40%. The author points out, however; 
that "It should be recalled that students responded on a three-point ' 0 
scale: like, indifferent, or dislike. Thus, the fact that 40^ of the 
students reported liking a topic does not mean that 60% disliked^it. 
In fact, the average^ response to the mathematics topics at the intermedi- 
*ate level was on the positive side, although the responses are clearly 
less favorable than at the .{primary level." 

The data on changes in interest in particular mathematics topics 
confirm' the notion that as students move through school, they develop 
less favorable attitudes toward mathematics. However, data presented 
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in Table 4 (p. 119) Indicate that . (a) this 'is not universally true aad 
(b) there J.s considerable diversity in th^ degree of change with* respect 
to different mathematical topics. 

The author also stated 'that "An interesting hypothesis suggested by 
the data is that the harder the content of an item is perceived to be, 
the less students will like it.*' • 

,Btom a practical viewpoint, two implications should be apparent. 
Fi'rst,! teachers should be made aware^of the differential Interest values 
of varjlous mathematical topics. Second, the differential patterns 4of 
change in liking for certain topics across grade^evels suggest that, 
prograni^ evaluations that incorporate assessment of attitudinal variabl-es 
may be improved by analyafing" changes in attitude toward specific mathe- 
matics topics. 

Two major research questions were generated: 



What factors might accoynt for, or at least be associated' 
with, the differences in attitude toward particular topics? 



(2V 



What factors cause or are associated with the differential 
^ — ' changes in attitude toward specific topics? 



First, a technical flaw in the article: item 66 is not ranked in 
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Critical Commentary 

Tatjle 2, form A, primary. 

1 ^sftond, a very general comment: I am very pleased to see an-articl 
ofl this type appear in the JRME . The artiple had no statistical ana- 
lyses. The data are sim.ply presented, Statements are made about the \ 
data, and suggested research is listed. The article is one to generate 
l^ems of interest- for further research. It is a worthwhile arfic]>e fo.r 
the "direction it gives to future research. 

Of course, wit'hput the statistical analyses for support, one must 
be very careful about the interpretations one makes of the data. There 
^re three interpretations that ^need to be discussed. 

(1) While the author said th^t an average liking figure of 58% , 
indicated "a generally favorable attitude toward mathematic-s 
topics", he concluded that an average liking figure of 40% 
ie not really unfavorable. He suggested that since there 
were three categories (like, indifferent, dislike) it was 
possible. (though no data were ^iven) that very few marked 
"disliked" and it was certainly true that 60% did npt mark 
"dislike". He goes on to say, "In facC^'the average re- 
sponse... was on the positive side..." If "indifferent" 
is interpreted to be ^either positive nor negative, then 
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the results could only be interpreted as negative, .The .only 
way I see that he could make Such a 'statement is tt>at he - 
interpr^ets "indifferent" as b^ing half positive and b^lf, neg-* 
ative. / ' ' * . ^ 

• (2) He points out that there does' not seem^to ,be a pattern for 

the least-favored items at the intermediate level. He cited 
^ as an^'example that one geometry item was quite^low ^18 « 30%) 
while another was relatively high (A18 - 48%). The reader 
should be cautioned, about the importance of the word "rela- 
tively." On form A. only one item is jfcove 50%; |.e., none 
of the items "do very well". , * 

(3) Hogan, stated that "An interesting hypothesis suggested by 
the data is that the harder the content of an item is per- 
ceived to be, the less students will like it." The key word 
in the quote is Vperceived" and even the word must be inter- 
preted very carefully. - the student,s ^id not work addition 
problems; rather, the students were^ ^ked questions such as 
"Do you like to work hatd addj5^}cyt> ^oroblems?" Whether the 
students were reacting to the "cont^ent of the item" or to 
t)ie description 'that the addition is ^'hard'*' is very^ difficult 
to determine. ^v* 

Hogan does a very good .^ob % reporting a study that had iP^carfefully 
cons trtic ted -sample and, although no statistical analyses are offefed, 
the data direct us to more involved studied concerning the "whys'^'of the 
patterns thjkt' exist in the data. ^ ^ \ 



THE EFFECTS OF HISTORY OF .mTHEMATICS ON ATTITUDES TOWARD MATHEMATICS OF 
COLLEGE ALGEBRA STU^NTS . McBrlde, CeeiirC.; Rollins, James H. ^urnal 
-for Research In MatHentatlcs Education , 'v8» nl, pp57-61, January 19/? . 
# • 

Expanded. Abstract and Analysis Prepared Especially for I.M.E. by James , 
H. 'Van(;e, University of Victoria, Vict(Jria, B.C. ^ 
• * - • * . 

Purpose ' ' * 

To study the effectiveness' of incoi^porat ing items from the history 
of mathematics into , classroom discussions ot mathematical topics as a 
technique for improving'.attitude^ toward mathematics of college algebra . 

•Students. ^ . , ' . ' 

<w * 

• , " " •' 'a. ^ 

2. Rationale ^ . ' • /tp 

Re'search*lndicates a stea'dy decline of student attitudes toward. mathe 
matics thr.ough the high school years (Begle, 1973). Th^^s the instructor 
of first-year college mathematics has a particularly Challenging task 
In promoting positive attitudes toward the subject.. 

Although. tbere has beeJ^ considerable work done- in the area of atti- 
tudes toward mathematics (Aiken, 1970), relatively little substantive 
research investigating methods of improving Stiudfent attitudes has been 
reported. On^suggested Technique for improving attitudes is that of 
incorporating items from the ftistory of mathematics' l^ito classroom 
.discussion of pi^thematical topics. While the idea has been endor^sed by 
the National Council pf Teachers ^f Mathematics artd classroom experience 
with the method has be£n favorayie (Jones, 1969), there is a lack of 
^empirical eWdence '!rj^lating to^ts effectiveness. • . 

Research Design arid , Procedure 

The subjects were students who enrolled in four sections of-^ college 
Blgebr'a course at Louisiana Tech Unive^t'sity for the 1^72-73 *winter quar- 
ter. Two sections were des:^.gnate3 as the test group and two as the'con^ 
trol group. Two instructors', selected on the basis of similarities in 
age and teaching experience,". each taught one test class and one coT\t*rol 
class." During registration, the subjects were randomly assigned to 
groups*. Assignment of taachers to-fcJasses and the designation of type 
of class. were determined by coiw toss* ||pii^ti^lly 30'students yere en-, / 
I rolled in each class, but there*ere tjnly 67 who^ completed the course 
and for whom both preteilt and poptCest -attitude scores were obtained" * 
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Table 1. • • 
Class and Group Sizes 



' — y 


7* 


Teacher A 


Teacher B 


, Total 


Test Group 


• 21 




• 35 


Control Group ^ 


17 


..15 


• 32 


Total 


38. 


29 


67 


1^ — ^ — 









Twenty-five items from the htstory of inatheinatics, each talcing about* 
f ive 'fflirnitps of class time, were used in the test classes with asscxiiated 
topics in tihe^^.course. The co^ir^e consisted of 75-ininute classes meeting 
three times jper for about 12 weeks. Approximately one item was used 

per class meeting. A textbook devoid of historical content was used, in 
all classes to guard against -contamination. 

* * ^ 

The Revised Math Attitude Scale (Aiken, 1972), a Llkert-typlfe scale 
with a range of 80 points, was administered to all subjects at the begin- 
ning and at the end of rhe 12-week quarter. A student's attitude change 
was taken as the ^difference between pretest ajcid posttest scores. - 

•The study involved a 2x2 treatrcentrby-teach^r factorial experimental, 
design, ^alysis of ■ covarian6e,^ with initial attitude scores as the 
•covariate, was u'sed-to test 'fqr ^^^fferences in attitude/change Mue to 
treatment and teacher and for trea^ent-teacher interaction. 

• -'"^ '• ' ■ ' ■ \ 

Findings • ' \V - • * 

The mekn attitude change ^or each class and each gr^p is showpytft 
Table 2, • ' ' ^ 

' ^ Table 2 ' 

' Me^ Attitude Change for Classes and Groups 
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'If 




./ >' 






Teacher A 


Teacher B 


Total 


^est Group 
Kontrol Group 
• Total 


' 2.71A3 . 
-1.6A71 
.0*.7632 


-1.571A 
-.75333 
-.6552- 


I.odoo ■ 

-A.A063 



The analyses of covariance revealed a signif icat^t difference in 
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^ \ . . ' 

attitude change due to treatn>€jpM: (p < .0156) and also to -teacher (p < .0162) 
Neither analysis indicated a* significant treatment-teacher interaction 
(p'< -72^6). ^ 

5. Inter pre tat ion^ 

The primary conclusion of the Study was' that the technique of using 
item? from the history of mathematics was effective as a mea^is of pro- 
moting positive altitudes toward mathematics for college algebra students. 

The investigators suggested two. ways such use of historical materials 
might contribute toward the development of favorable attitudes: ;(i) the 
injection of human interest in the subject, through mention of acmvities 
and beliefs of famous mathematicians containing" tracer of humor and irony; 
(2) student perception of the use of the material as signifying interest 
or isnthusiasm on the part of the teacher. It was reported that both 
teachers felt that the time involved in usifig the items was well spent; 

Replication of the study at the high school and general mathem.atics 
College levels was recommended. ^ 



' ' - Critical Commentary 

Attitude studies such as this which investigate and seek to identify 
classroom techniques for improving student attitudes toward mathematics 
are to be commended. Perhaps the most valuable outcome of this ^study is 
the set of historical^ items , which, it would .appear , can bemused by 
instructors of similar ^courses without greatj^xpense or pre()aration tims^ 
to make their subject more interesting to teach as well as to learn. The 
fact that the difference in attitude change between the test and control 
groups was. statistically significant is perhaps a secpndary reason for 
recommending use of these or similar materials. 

The statistical design confused this" reader. The' hypotheses and 
results (Table 2) are presented in terms of attitude change, while the 
analysis of covariance tested' the differences between final, adjusted 
*group scores — not change per se. A reference for this design would be 
• helpful; In any case, it is important to note (Table 2) that the differ- 
ence between groups resulted more from a decline in attitude scores 'of ^ 
the control group than from an improvement in attitude scores of the 
te%t group. 

As the^rtvestlgators pointed out, the high percentage of students 
who did not com.plete the course is of interest in thisistudy. A c^om4 
parison of pre-attitude $'cores of these students an^ of ^students com-t • 
pleting the ^cour^ might provide useful information. { 

* Other questions arising from the^study concert^ the relationship o^ 
pre and post attitude scores and. final couriSe grade, and of attitude ' 

"i 
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change and fin^l grade.' Another study mighr investigate ,wh«-th^r the 
use of the- historical items-effects course grades as well as 
attitudes. * . ^ 
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THREE LEVELS OP BIFFJCULTY IN. VEl^AL ARITHlfeTIC PROBLEMS. Nesher, Pear la. 
Educational Studies in Mathematics , v7, pp369-388, December 1976. 

Expanded Abstract and Analysis Prepared Especially for|l.M^Er, by W. 
^George Cathcart, University of Alberta. 



!• V Purpose 



is\tc 



The purpose of tl^is study was4to determine the effect of the number 
of ^teps (STEPS), the presence yof Superfluous numerical information (SUP. 
INF.)» and the 'presence of a verb^ cue (V.CUE) on , performance in verbal 
problem solving. n 

2. Rationale . '* . 

A review of the literature indica,ted two approaches to probl^ 
solving, the "translation " app^roach and the "structural variables' 
approach. The latter approach,\advaiY^ed by Suppes, Jerman, and others, 
was adopted for this study. Some limitations o^ the transnational 
approach were advanced presumably as a rationale for Adopting, the struc- 
tural variables approach. - 



3. - Research Design and Procedure 

Four story problems were chosen. Two of these involved ^<SntinuouS 
material and partitive division and two involved discrete objects and 

r -~ 

measurement, division. 

Eight versions of each question were written to account for all 
possible combinatiotls of the independent variables: " ' , 

(1 or 2) ^ 

(present or absent) 

(present or absent). 



^1^ 


STEPS 




SUf.INF. 




V.CUE 



Other variables controlled included; 
(.1) length of question 

(2) required operation 

(3) kind of 3tory 

(4) range of numbers 



(22 ♦ords in the original 
Hebrejw) 

(division) ' 

(4 stories in 2 categories) 

(natural numbers < 100; 

1-digit divisor, 2-cHgit 
. dividend). • 
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. ' Seven null hyp'otlieses wer^ tested. These stated that ther^was '(were 
no significant ** , . * . ^ 

• ' C » 

(1) clifferences among four questions ^6ed; 

(2) difference between steps (1 or 2 steps); ' 

(3) difference between t^e presence or absence of superfluous ^ 
information; * * • 

r * ♦ » 

(4^ difference between the presence or absence of « verbal cue^ 

I (5) two-way interactions; - ^ ^ 

' - * » ^ ' ■ ' * 4 

♦ « ^ If 

(6) three-way it^ractions; and ^ ^ 

(7) differences among five sample sc'teols in terms of ^he perform-'^ 
ance^on the problems. ' , 

An eighth hypothesis speculated that the difficulty of the questions 
'could be explained pdmarlly by the, superfluous 'information variable, 
then by the steps variable, and least effectively by the verbal cpe vari- 
able.' • , ■ / > " ' 

• ' . . *. " * 

m 

The^ sample -consisted of 800 subjects 13-15 years of age.^ One hun- 
dred sixty subj'ects yere selected* firom^ each of 5 junior high schools each 
Vith a "quite* different population"..' Thf«e schools were Jewish and two 
were Arabic. ' * , > , 

Each^ubject was , asked* t6 arji^er only A oi the 32 problems used^ 
The problems wer^- presented so thar edch subject ' answered, a problem in- . 
' volyiog each of the .4 story iettifigs with each problem representing' a 
different combinatipn of variables X^^, and X^., 

A four-»way ANOVA was performed using a 4 (quest ion) x 2 (STEPS) x 
2(SUP.INF.) X 2(V-.CU5) design. Ther^ were 3200 problem , solutions (800 
subjects X 4 problems) with^lOO in each of the 32 ,cells\ The criterion 
for each problem w^s simply *whet>her or not the. final answer was correct. 
• * • • * ' 

•A separate ohp-way ANOVA was used to, test differences in means among 
fiv6 schools ^nd a tg||fiple cla^sif icat,ion analysis wa^used to determine 
the proportion of variance explained by variables X^^, X2, and X^. 

^ When no significant differenced were found among the 5 groups, the 
subject's-'were pooled fbr the other Statistical analyses. 

4. Findings , , ' 

♦ ♦ • ' 

A^significant 3-way interaction was founcl involving QUESTION X STEPS 
X SjUP*INF. iKe primary source of the interaction was the combination 
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of question 2 '(a division of cloth to make equivalent suits) x 1 step'K 
presence of superfluous information.' ^ • ^\ ' \ 

m V . / 

•Significant main effects were found fpr^ QUESTION, STEPS, AND SUP. ' 
INF. but not for V.CUE, ' . ^ 

from the multiple classificiaf^ori analysis the largest proportion 
of explained variance was attributable, to STEPS,, followed by SUP. INF., 
and * last ]|r by V.CUE. The hypothesized order was SUP. INF. ^ STEPS, and 
V.CUE. 

5. . Interpr etat ions ^ * • ^ ^ * ^ 

«* * • 

The investigatotn^oncludes that more research is needed 'into the 
relative contribution of the independent vartable3 • to the difficulty of 
problems. Thi$ ^,onclusidn was reached after a separate stepwise r^*- 
gression anaiysi^^ended to support the hypothesized order of contribu- 
tion whereas the original multiple classification analysis did not. 

The study' provides for a contextual effect on problem solving due 
to superfluous information and, the investigator suggests that research 
which treats this variable as lexical and structural may prove fruitful. 

Question 2 behaved, quit^ differently from the other three questions 
and the investigator advances so^ reasons for this. 



. Critical Commentary 

The topic chosen for ^ investigation i6 certainly an important . ope. 
Problem solving is a basic skill that teachers have always -found difficult 
to teach. However, this study does not advance Oui; knowledge of either 
the problem or its solution. We already kpow that two-step problems are 
more difficult than ojie-step problems and that the presence of superfluous 
information makes problem solving jnore difficult for children. There was 
no logical rational* gi^^ ^or conductin'g the study. , 

The criteriOQ' in'^^this study waS simply *\he product . Would not re- 
search, into th^ processes children use to so&ve problenvs be much m.ore 
helpful to teachers and researchers in mathematics education? 

The reseatcher took considerable care to controls some Important 
Intervening variable9| However, the research report lacked explicit 
Information on some pOT.nts that could affect the internal validity of 
the study. For example, we are not told how the 5 schools were select- 
ed nor how the 160 *M^bjects, from each school were chosen. Also, no 
Information is given on how the data were collected. How were the problems 
presented, '>to individuals or to whole classes? Were they presented in- 
dividually on cards or were the four problems- givea on a single sheet? 
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Were the problems timed? Were all the data collected at the same time 
of- day or d£d some subjects have a fat igue^isad vantage? Furthermore> 
BO mention was made of IQ, ^hich is an important variable in problem- 
solving success, 

Hie ^reluctance of the researcher to accept results "of the 
omit iple classification analysis suggests a possible experimenter bias. 
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THE OBJECTIVES FOR TEACHING MATHEMATICS IN THE JUNIOR HIGH SCHOOL AS . 
PfeRCEIVED BY PARENTS, ^STUDENTS, TEACHERS, AND PROFESSIONAL EDUCATORS, 
Olson, A, T/; Freemdn, E, A'lberta Journal of Educational Research , 
v22 nl, pp52-58, March 1^77. , * 

^^^^//^^^ 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by Thomas 
E. Rowan, Montgomery County Public Schools. 

1. Purpose' ' ^ 

To examine the degree to which students, parents, teachers, and 
college , mathematics educators agreed upon the objectives which are im- 
portant in mathematics education at the junior high school level. 

■ ' i 

2. Rationale , , * e 

A great deal has been said and written about goals ,and objectives 
for mathematics programs during the^past fifteen years. Most of these 
statei^fcits have, come from mathema^t ics educators. The question of dis- 
crepancies between the goals set by educators and those held by the 
general public will probably be of incfeasing interest as the trend to- 
ward accountability and minimal competencies continues. ?his study^on- 
siders whether the junior high school mathematics program- is being pulled 
in many different directions .by the various groups involved. , 

3. , Research Design and Procedure , * * ' ^ s 

A list of fifteen objectives for the junior high 'school mathematics 
program was selected Yrom the literature. They were written in broad 
language, calling for value judgments by any reader. This list wa6 given 
to students, teachers, parents, and college mathematics educators. Each 
^respondent was asked to rank the objectives in prder of importance. The 
resultat^t rankings were analyzed to determine between-group differences. 

The study was conducted in three rural counties of Alberta, Canada. 
It involved 426 ninth-grajde student quest ipnnaires , of which 80.5% were 
returned; 420 parent questionnaires, with*57.6% returned; 39 junior high 
school mathematics teacher questionnaires, ^7.2% of w^ich were returped; 
and 9^coliege mathematics educator questionnaires, with 88.9% returned. 

Consensus rankings/were 'obtained by' summing the ranks of each ob- 
jective within groups^ The Kendall Coefficient of Concordance W was 
calculated for each/^oup to ascertain* that the summipg procedure had not 
masked large within-group differences. The group results were compared 
using *the Mann-Whitney U~i:est to determine 'Significant differrences on 
spec^ific objectives. Finally", the Contingency Coefficient C was com- 
puted to determine the .degree of association between the groups and the 

/ . . ■ . 
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4. Findings 

The consensus rankings by groups can be seen In Table 1., 
' ' TABLET 1 . , ' 

CONSENSUS RANKINGS BY GROUPS * 





r- 
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1* 




Objective 

V 


— » ' — 

Teachers' 
Ranking 


Students ' 
Ranking 
♦ 


Parents ' 
Ranking 




Edu^ato^* 
Ranking 


1. 


Fundamental processes 


4 


^ — # 

2 


'2 




7 


2. 


Mathematical concepts 


2 


4 






2 


3. 


Process skills 


1 


3 




0 


1 


4. 


Problem Solving 


3 


— s 5 


5 


m 


3..5 


5. 


Confidence In ability 


6.5 




5 




» 5 


6. 


Mathematics In dally 
life 


5 


1 


1 




■ 13 . 


7. 


Mathematics In science 
and technology 






' '10 




15 


8. 
9. 


Mathematics and the 
physical worlti 11 

Stiructure - % 8 


11 • 
• 1 7 


12 
8 




' 11 
, 6- • 


10. 


Appreciation 


14 . 


10 • 


9 




8, 

• • 


11. 


Critical thinking 


6.5 ' 


. 9 


7 




14 


12. 


Mathematics a human 
activity 


' 15 


1415 


• 

15 




12' 




Creativity 


13 


'if' 


14 

• 




• 9 • 


14. 


Precise language and 
•symbolism 


12' 


13 


. 11* 




10 


15. 


Enjoyment - 


9, 


14.5 


13 




- 3.5 • 




N for educators = 8 
N for teachers » 36 

• 




N for parents ." ■ 
N for students * 

> 


242 
338 


t 



sons 
ers and 
3 and 

teachers ana stuucuuo \«^jc^uxvco -r, r/. 

was the statistic used to determine these difference 

Finally, the Contingency Coefficient C wa^ computed for the groups 
on each objective. Significance (p £ .05) was found on six of ttie fif- 
t^Mfe objectives* 



*5. Interpretations - ' ' 

Students and parents seemed quite similar in their perceptions of 
the objectives, * College mathematics educators were* 'apf)reciably different 
in their views. Junior high school teachers were somewhere in between, , 
probably closer to the students and parents than to the educators. 

Jhe procedure used ix\ this study seems potentially useful. With re- 
gard to the objectives, it seems* that substantive' evidence has been l^ntro- 
duced in an area where opinion, bias, intuitive notions, et cetejra, gen- 
erally ruled the'^day. . . " 



. ' Critical Commentary * • 

The importance which qan be attached to differences between goals 
ranked by st^idents, parents, teachers, and college mathematics educators 
is quest iona^lp.. Perhaps the most important differences found are those 
between the teachers" and the college educators. The authors seemed to 
feel that this was an important difference, although they did not single 
it out as the mo important. Unfortunately, the size of the sifcple of/ 
college educators was so small (N = 8-) that no generalization of the 
result would be possible. It may, though, have some significance for 
the region in which the study was made. ^ - 

With regard to the rankings do©e by parents «and students, one must 
always consider the questiofrof whether they understood the objectives."^ 
The authors said that general language was used and that examples were 
•given to aid interpretations. On such a questionnaire there is no way 
to ascertain the level of misunderstanding thac »ight have occurred. 
Comparing results betweeiv such obviously different groups as parents and 
college educators is very questionable. If one looks at the objectives 
it can be^seen that they are a mixture of social skills, mathematical 
end products, means to ah end, method-related objectives, et cetera. To 
expect students or parents to see th4 significance of e^'h of these is 
perhaps asking too much. A better use of the garent and stud-ent data 
might b^ strictly for relative levels of perceived importance within 
those groups rather than for comparison with teachers: or' educators. 
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Finally, it shoulti be noted that the article, as printed, seejned to 
have a number of unnecessary inconsistencies. These may have, been edito- 
rial problems. The data in Table 1 show two rankings of 5 for students 
and parents (objectives 4 and 5). One can only assyme these should have 
been 5.5 in each case. In presenting the results pf the Mann^Whitney U 
test, the student ranking of objective 3 was*cited as 4 while tn Table 1 
it appears as 3. Were some figures reversed? Which ones? Finally, the 
results of the analysis using the Contingency Coefficient C are present- 
ed almost without comment. It is noted only that there is* a Significant 
level of . association (p 5 .05) on six of the fifteen objectives. The 
Importance (or lack' t^iereof) of thqf finding is not mentioned. As a 
matter of facft, if the significance level was p < .05, then the table pre- 
sented in the article seemed to show seven significant contingency co- 
efficients, since for objective 4 the level of significance was p = 0;05. 




"NEW MATH'" "IMPLEMEl}TATION: A- LOOK INSIDE THE CLASSROOM* Pric^, Jack; 
Kelley, John \L,;' Kelley, Jo;iathan» ' Journal for Research in Mathe- 
- matlcs Education , v8 n5, pp323-331, November. 1977. 

Expanded. Abstract and Analysis Prepared Especially for I.M.E. by Otto 
C. Bassler, George Peabpdy C#llege for Teachers. ^ 



1. Purpose . ^ 



To investigate the actual classroom practices used in second-, and. 
fifth-grade Mathematics classes in the United States. 



Rationale 



within the recent past there flave ^een many suggestions, for modify- ; 
ing the topics taught and^the way mathematics is taught in the elemen- 
tary school. There has, however, been little. research pertaining to how 
these recommended changes are being ^accepted and implemented by the . class 
room teacher. ' ' • . 



Research Design and Procedure 

A questionnaire was developed by the authors, modified by a panel 
at experts, and pretested on a group of*^racticing teacljers. Ten ques- 
tioMiaires were sent to a random sample of 300 supervisors from more 
than 800 listed as mathematics supervisors by , the l^ationaL Council of 
Teachers of Mathematics. Each supervisor was directed to select randomly 
five second-gra<^ and^five fifth-grade teat:hers 'who were to complete* the 
que 8 1 ion na f r 

Return of postcards from the supervisors indicated that 191 (64%) 
distributed the questionnaires to teachers^. Data vere obtained from'^ 
1220 teachers who completed questionnaires. This was a response* rate' 
of 64% if it is assumed that only those supervisors who returned post- 
cards contacted teachers. If this assumption is hot made^ the return 
tate was 41% oi the potential sample of teachers. 

4. Findings ; 

Results were summarized in several areas. The data were rep'orted 
as percentages of teachers responding to items; no statistical compar- 
isons were given. It was stated that differences between respondents 
by 'geographical areas, socioeconomic status of the school, and grade 
level taught were small. 

(a) Characteristics of Teachers: Over 90% of the second- and 
70% of the fifth-grade teachers \^re women; 53% had been 
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teaching ten years or less; and 56% were 40 years of age or 
0/ younger. Teaching of mathematics was found very *inter est ing • , - 

by 65% of the teachers — 'In fact 45% preferre4 it to the 
^ teaching of reading or social studies while only 11^ liked 

teaching it least of these three subjects. Host teachers 
, (53%) believed that present^ students were doing better than 

past comparable classes while 20% thought present s^tudents ■ * 
• * were doing leSs well. With regard to prior mathematics 

training, 88% had at least one year of high school algebra; 

70% had at least one year ofhigh school geometry ;' 63% had i 

at least two mathematics courses in college; and 48% had 

at least two .mathematics education courses in college. Most 

(84%) of these t«*rthers do not belong to •any professional 

mathematics organization. 

(b) Objectiv'es and Assessment: State or locally published ob- 
jectives for mathematics were available to. 83% of the re- 
spondents and most (63%) used them in their teaching^. ^Some ^ — 
form of state or local mathematics assessments was availably , ^ 
to 77% of the teachers and 43% indicated that they ba'^ed their 

' ^ ^teaching on the results of^ these assessments. 

(c) Textbooks and Topics: Dne textbook, as the single source of 
mathematics information, was used by 56% of the teachers; 26% 
more used mainly one textbook from pwo or morfe availableXext- 
books; ^nd only 7% used no' textbook at all. Books emphaf^i^ing 
skills ovet concepts^ were preferred by 42%; 49%, prefjerred 
equal emphasis on skills and Concepts; aAd 3% preferred emphaV 
sis on concepts over skills.^ Texts we're followed closely by 

53% of the teachers but over half of them did^not require stUT * y 
dents to read as much as two pages in every *five. There was 
little or no tteatment in texts or supplemfetitarjr sources f 01; ^ 
the topics of metrics (66%)*, probability •(64%) , .aQi' giraijhs 
and statistics (52%) as indicated by the teachers Henc^ ^ 
fewer than 5 periods per year were spent« on the^e respective I . 
^ . - topics by 61%, 7^, and 56% of the teachers. I - ' 

* (d) Class;;Li»e: One-half hour or more is spent teachijig mathe- 
matics in '50% of the classrooi^fs sampled. The weighted average 
t ime-per-day f or all respondent^ was ^ minutey^ Of thlS* av- * 
^ erage time, 43% was, spent in written seat yWO^k; 36% iti di^j^- - 

"cussion or explanation; and 21% in other atfivities. '* • 

* • * r ' ' 

(e) Teaching Methods: ^ Whole-class instruction was used most of th^ 
' . time by 40% of -the respondents but only 6% said they had never 

/ tried individual izitig. Grouping by abil^y^ was favored by 84% 

• / of the teachers. Most; teachers used laboratory experiences 

only occasionally (72%), had never us^ computer-assisted or » 
t computer-medi'ated instruction (81%), had aever used instruct- 

glottal television (78^), had never used hand calculators (83%), 
and Jiad never tried any type of team teaching (58%). 
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Cf) Ifi-Sfervice: Matheinatics^-related workshops or cpurses' had been 

: taken by 32% of the respondents during their pres-ent school year 
: • (1975), but another 30% ha4 rto in-service training sincfe *1970 
• br^ earligi'. ^^Observation of other teachers had never been done 
ty ^8Z ofir the^sarcple and 7i^% had-^gt^eryed other teachers at roost 
* 4 ti«es; however, 64%-t^oug^t that. sucA observations' would 
:ove their teachings xl ^ ^ ' 



im- 



prove their teachings 



5. Interpr etat ions- 



The major conclusioa fsMihat^aatheifiatics teachers and classrooms 
have chaftged less in the^.past l^JrBks thain had been supposed. General- 



ized descriptions of tea'chers and jPasses are provided. "Median" te^bh- 



era were described as female; under 40; having 10 or less years experi\ 

• ence; prior coursework includes tw5 semesters of high school ialgebra, ^ 
two of high g^chool. geom#try , two college m^Aematics courses, arid, one 

• college c our se'^'in' ma thematic 8 education. |be "median" feadher is female, 
doc* not belong ^o any a^soc±ati6n^of * mathefctits feachers, and l\as had 

• limited in-service experience in mathematics education/ The "medial ^« 
xrlass is ^elf-contained^ it lasts aboilt 43 minutes, qf which about half 

^ the^^jJne is spent- in written worR. A single text which i-s^ollowe^. 
"trlbs^jUlf is used in whole-class -instruction. Almost none of the concept^, 
t&ethodS'/ or "big ideas" of ^modern* mathemat^ics programsi are .used in the , 
classrooro» , . ' - r 

• Other conclusions were: ' - ■ . \ * ' * -'y'^l'' 



(a) If ^here ar^ declines in mathematics teSt scores, 'only^ a / 
small decline can be attribut|^ to "new n»ath^iiatics." 

•(b) Specialized mathematics teachers are a' little better 

trained, haVe a mor.e positive attitude toward teaching ma£h^ 
matics, and ^ee^s^o make more use of concepts and^proces^?*^ 
than teachers in ^^l^^^^^rtJiined -classe?. #^ ^ ' - 

(c) Even ^ if increased fund1.ng and assistance^ have been avail- 
able in schools of ^low^r • scJcio^conorcic status, lit^^ 
•cbang£ ifi teaching roethod has resulted. ' 

'Critical Commentary . ' ^ 

Tbis stud^ pTovide,£.aiaa£uI infbrmation afjout .sec^ndc- and filth-* 
ade classroom teacliers and cSe activities that are going- on ^in theii^ 
ssr^pwajg^'^e- result^ are" di^Whlng in that thiey show little iropacb^ 
cufrico^rf innovations on actuals dl^erGoro ptaaticfe-. ^ ;^ 

^8 pointed out by the invent igators^ it is conceivable that the 
method of selecting the respondents thrc^^gh supervisors intm^diicieci a 
bias in the^re suits, since not, all schooj/ districts havle. mathematics 




' t * \?Vpervlsors. A» more likely cause of bias; are the, low retutn/T^tes from' 
' ' supervisora and, then from teachers; Both of thes^ biases, iWever, would 
' tend to produce results that are more optimistic than acturalTclassroom 

practice. • < / 

* * . " * * ^ 

Since actual data and number of respondents in subcategories were . , 
not reported, it is;^ impossible to verify the accuracy of . the cone lujs ions .^iF 
^ The^ authSs wer^|(bareful to state the Conclusions in a -manner that seemed 

to be warranted, as well as implying that, they were only tentative' in 
\ natul:^. • V * - 
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MODELING EFFECTS AND DEVELOPMENTAL CHANGES IN DEALING WITH\ A FORMAL 
OPERATIONS TASK; Ronning, jloyce R. American Educational Research 
Journal , yl4 n3, pp213-223,* Suimnftr 1977. 

\ 

Expanded Abstract 'and Analysis Prepared Especially for I.M.i^. by 
Edward Esty, National Institute of Education, Was^ilngton, D.^C*. 

<■ 



1^ Purpose . - 



The purpose qf the study wafi to determine the effect of age and 
the effect of providing a mode^ of correct strategy on children's per- 
formance on a verbal task at the fonjial operations levdl. 

2. • ' Rationale ^ * . 

Although inuchv.prevlous' research has considered the transition from 
preoper|itlonal. to concrete operational ^thought , comparatively little re- 
search has examined the transition to f opaa^^ operational thought^ Hence 
little is knowi) ^bdut how children cope with fH^.al Operational tasks 
that are too difficult for them^ even though i^any tasks that children en 
counter apparetvtiy demand formal opei^^tional thought. 

r * 

.The present investigation is an extension of two lines of previous 
*r^searjch: (17 that'of Neimarjc* and Le^is (1967) and Eima^'(1970) on' the 
'development of strategies in binary problem-solving' task^; and (2) that 

of Laughlln, Moss, and M:J.ller (1969), Denne^ (1972), and'^enney, Denney^ . 

and Zlo'browski (*973)'«on the effects of Modelling the correct strategy 

for solylng a pf oblem. ' 

3". Research Design ^nd Procedure k 

^ .A tot^l of '64 subjects from a middle-class community w^re use4, 
half boys arid half gifls. At each of four grade T.evels (grades 1, 3, 
'5 and 7); four boVs/and four girls were random^/* assigned to a model 
condl.tioh and to a- no-model condition. ' ^ 

Each student was tested indivi$aally by a female investigator. 

The task in each *case was the same: to determine^ by asking no more 

^^n s^ven^miestions, a number from- 1 to 100 that the experimenter 
1^ pre^vio^ly chosen from a table of random numbers. Each subject 
had three chances to play the ''gam/e". , ' 



Half o^ the Subjects, *those in the models condition, were asked to 
listen carefully ta a tape recording of a. boy playing the^ game using. 
4 strategy that guarantiees success within the allotted seven questions — 
by asking *a series of y^s-no ^questions that successively eliminate about 
half of th^ remaining rtumbers (e.g., ''Is it more than 50?" "Is it less 
'than 25?")^ \ ' ^ ' 



Two strategy scoring syptems were*used, one more lenient than the 
other. In Scoring System 1 (SSI), 1 point Has given if any one^.Qf the- 
child's seven questions eliminate more than ©he number; e.g., "Is it 
a prime?", "Ib it less than 95?" (Such ^estions are cabled "constraint- 
seeking.") A child's maximum score under this system^ was thus 3, since' 
the subjects were , given three ' chances to play the game. The Second 
Scoring System (SSII) awarded 1 pqint if two consecutive questions were 
constraint-peeking. As in SSI, the maximum score for each child was 3.^ 
The number of correct solutions was Counted also; yielding- a third score 
with a maximum of 3 point? for each subject. 

The three scoring systems were analyzed' using three univariate 
ANOVAs, even though some of the assumptions underlying that procedure 
were violated. _ ' 



4, Findings 

Of the two strategy scoring sy^ems, ^1}^ SSII>^s discussed in the 

paper, because, according to the inv?stigatjpr 7' the .results for the two 

scoring systems were "the same". Means f^ SSII were as follows: 

■■>• • ' * 

^ Grade Level , * 

" ' -J ' _ * 

a 



X 


First 




1* 

Third 




pifthr 






Condltiqn: 


M 




NM 


M 


NM - 








Males 


0 




0 


1.50 


i.eo 


3.00 2.23 


.2.50 2.25 


.I.,f6 


Females 


0 




0 


1.50 


0.75 


2.75 0.25. 


*2.75. 2.25 


'1.26 


X Condition 


0 


* 


0 


1.50" 


0.87 


2.87 t 1.25'. 


2.62 2.25 
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X Grade 




0 




1.19 




, 2.06"/, , 


** 2.4A , 




X Age (years) 




6. 


1 


" 8.1 


! 
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There was a significant effect for grade: F(3,4ff) - 21.33,tp < .0001. 
There was also a significant main effect far cprfiition: F(1^48) «^.68, . 
p < .0005. Neither a significant main s6x -feffect nor significant inter- 
action effects were found. ^ ^ * ^ • 

Considering the number of; correct^Sciutions (i.e., the number ^of time 
the correct number was determined, within the seven questions), the follow- 
ing mean scora^s were obtaiaed: Grade 1* — 0.06; Grade 3 — 0.75; Grade 
5 — 0.87; and Grade 7 — 1.00. (Recall that the maximum STC^re is 3.0(1.) 
Only the effect for grade was ^gn»ficant here: F(2,48) = 4.05, pi< .0^ 



m 

The Investigator states that "In view of the low frequency of success in 
the first grade as compared to the other grades, the signifl,cant effect' 
is" assumed to be largaly between gv^de one and the remainder of the sample. 

Because some students asked questions like "Is. it 1000?",. a tabula- 
tion of "out-of-bounds" questions was made. Seven different children, 
all at 'tHe first-grade level/ asked a total of 37 such questions. 

• r 

- . • ♦ 

5« . Interpretations 

• The Investigator ^discussfes the task from d Piagetian viewpoint,^ 
describing how one mlg'ht exp€ct children of pre-operatlonal , concrete 
operational and fannal operational Stages to respond He then discusses 
the actual results, noting in particular that (1) the first-pade Child- 
ren's 'performance was uniformly low, with no difference between the model 
and no-model conditions; there is a lar^Pdif/erence between the model 
^aijd' no-m*odel conditidlfe at' the fifth-grade levels indicating that fifth 
graderii can use the strategy presented h^t are unlikely tp think of it 
themselves;, and O) there is relativ^y liUle difference between thp ^ 
two conditions 4t the seVentVgrade level. The results are seen as fully 
consistent with Piagetian theory. - # • \ 

. , ^ 

Finally, "While both the developmental and model effects are power- 
ful in terms'of strategy acquisition, the relatively small -number of cor- 
rect . solutions-^ven at the oldest age examined suggests the need for ex- 
amination of- other variables such as instructions, use of ejtamples, and 
!reinfor.cement /motivational conditions." ,\ - ' 

ical Commentary 
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One piece of ' information that, was omitted is crucial to one's inter- 
pretation of the results of this study: ' no mention is made of th^ point 
during the'schodl year at which the experinfent was conduct^ed. This is 
especially important to^ know for the^irst graders, because the first- 
grade year typically includes considerable work with initial concepts of 
order relations ±h the whole numbers, and,* of course, worjc with two-, 
digit numbers. The fact*^that first graders di^ so poorly is not nec- 
essarily due to their inability to grasp a useful strategy: it may 
simply.be that they did not^ow what'' "less than" or "more than" or "be- 
tween" meant. tlVus the experimenter's instructions and the tape-recorded 
model performance may have been^ cqpipletel^ incomprehensible to some of ' 
them. ' (In thig respect this study provides yet another example of the ^ ^ 
value of an interdiscip Unary approach, for any first-grade teacher would 
have^ suggested that the studen^ts' knowledge of order concepts be assessed 
ai^'doscribed in' the paper.) The possibility that the first graders, 
who Wore of mean age 6.1, did not know fenougb about order relations for- 
the task to make any sensefcakes all tlje *more int^sting the fact that 
therx* were such small dif^fcnce among the third, fifth, Wd seventh 
grader's on the number of cOTrect solutions obtained! 



r^. 41' 



Further information and discussion 'Of ' a fevi other points wourd have 
been helpful; for example, the fact? that the fifth-grade boys did better 
(in SSII>» than the seventh grmiers of either sex. Was this a fluke of . 
'the sample, or is there some ainderlyln^ rleason? It would have been use- 
ful too if the investigator had* supplied more infonnation about the vari- 
ation in cMldren*s performance. For exaHple^ how many-ehildten alwa^ 
followed a constraint-seeking strategy? 'How*. BMmyH^ot the correct solu- 
tion in all three trials? ^ 

It should also be mentioned that the investigator's cpnsfcant re- 
ference to **tl|e best" strategy^is open to some question. What is "best" 
depends to some extent on the payoffs involved, Jn the 1 to 100 game 
used here. If there Is any payoff whatsoever for detennining the number 
In fewer than seven questions, then the strategy described is not "best". 
One can still guarantee getting- the number within seven questions and 
yet have a chance of guessing its earlier if one first asks "Is it larger 
than 64?" and then, if the answer, is affirmative, "Is it larger than 96?'* 
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USING ELECTRONIC CALCULATORS WITH ELSMENT^IRY SCHOOL CHILDREN. Scandura, 
A;; Lowerre, G. ;*Veneski, J.; Scandura, J. Educational Technology , 
vl6 n8, ppl4-18, August 1976. 



Expanded Abstract and Analysis Prepared Especially for I.M.E. by Charlotte 
Wheatle^ and Grayson WJieatley, Purdue University? % 



L. Purpose 

The purpose .pf these studies were to study calculator-assisted 
learning o£ mathematics by^elementary school pupils with attention tb 
computation, problem solving, motivation, instructional methods, and 
appj-icability to certain topics. Some of the questions asked were: 

(1) What Is the effect of calculato^fcvailability on the 
motivation of: young childjren? 



(2) Can five-year-olds profit from the use of calculators? 

^3) What topics can be taught more effectively with a cal- 

^ culator? ' * . , ' 

(4) what implications do6s the calculator hold for problem 

I solving? 



2. Rationale 

♦ - ' ' 

.Because tl^ small electronic calculator is becoming inexpensive and 
available, the^uthors thought it important to explore its impact ott 
children's learning of . itathem^tics. These studies \lrere not conducted to 
test hypotheses but to generate hypotheses and fo explore the feasibility 
of calculator use with primary school pupils in learning tnathematics. 

-This article reports the results of a set of fiv§, feasibility ^ 
studies. None of the studies employed experimental controls or compar- 
ative statistics. The wOfli^usipns are based on observational data and 
pupil reactions to calculator use. 



3. Research Design and Procedure 

In a series of five exploratory invest Ijfat ions, pupils of agecf five 
to nine- used calculators in learning mathematics. The number of class 
sessions varied from eight to thirty-two. In experiment on^, two groups 
of six-year-olds studied arithmetic, one with a calculator and the other 
without, in 15 lessons of 20 minutes each. The children in the non-cal- 
culator group made extensive use of manipulative material^. A similar 
comparison of calculator impact was m^rSe with five-year-olds in 30 lessons. 
Seven-year-old children solved cost^ problems ^countered in shopping *^ 
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(e.g, ^-amount 6^ ch^ge when several items a^ purchased ) . This unit was. 
eight lessons long. In a fourth study, f ive-^ar-ojds learned to use a 
^aJLculator'elg^r by Scree exploration or exposirion. In the discovery 
group, the pi^Rs learned by trial-and-ecjror pushing ofj^eys, while the 
exposition group was explicitly taught the function of keys. In a feas- 
ibility study with five third- and fourth-grade children, a variety of 
topics that might effectively b^ tai^t with a calculator were introduced 
in 32 class meetings of 30-60 minutes each. 

• ^ •. • . \ 

4. Findings ' • ■ v m ' 

The authors report their observations the differences in the 
calc\ilStor and non-calq^lator groups. No performance comparisons were . 
Bade. Five- and six-year-old children were observed to be highly moti-* 
vated to study mathematics (typical grade-level topics), while control 
group pupils were not motivated by the mathematics or the use of rcanipu- 
latives. The high interest displayed by Che calculatoi; group**was sus- 
tained, over the entire period of use. The children usijig calculators 
were less distracted, displayed longer attention §pans-, and worked in- 
dependently f or "^ng periods of time. Contrastingly, the , non-calculator 
group did not dispi^ay interest, 'were confuted by^he man ipulat Ives , show- 
ed little imagination, and waited foi* teacher direction. 

The f ivV-year-old children preferred a desktot^calculator with larg- 
'er display and keys. A group of five-year-old children taught by expos- 
itory methods to use a calculator could solve presented problems, whijfe 
a group allowed to explore calculators could not. Seven-year-old child- 
ren were more highly motivated and more successful in problem solving 
than children -not using calculators. Eight- and nine-year-old children 
showed marked mathematics achievements gains oy^j^^a 10-week period while 
using calculators; some had more than a year grade-level gain in compu- 
tation, concepts, ^nd applicati^)ns. The calculator >#a« reported as befng 
highly -successful In motivating and assisting these children in learning 
mathematics. 



Interpretations 

The authors conclude that the learning of mathematics is' facilitated 
by the use of calculators. Specifically they suggest that:' 

(1) place, value (whole numbers and decimals), negative numbers, 
decimals, and factoring can be taught more effectively with 

" a calc#l^tdr, 

♦ ♦ 

(2) problen\7^solving skills 'can be greatly enhanced thrdugh use 
of calculators. 



the standard mathematics fcurriculum Ccln be Expanded 'to in- 
clude use of numbers of ^greater magnitude. 
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(4) estimating gkill^, negative numbers, and decimals can be 
introduced at a^uch earlier time, 

(5) computational slcill may be enhanced through calculator 
practice, * 



, Critical Commentary 

This article reports five studies which were^ designed to explore 
the effects of calculator use in learning mathematics. The results are 
purely observational with no attempt to determine achievement differences. 
There is a definite place for exploratory studies in mathematics educa- 
tion research. Properly designed teaching experiments can lead to the 
identification of hypotheses for further study. " They may allow the ex- 
perimenter to understand the thought patterns of children. Results ef 
teaching experiments can also lead to the development of curriculum 
oateridls. However ,' this report contains insufficient information for 
the ihterpret^ion of the results stated. In the first study, no details 
are given on Cl) the number of subjects, (2) the size of instructional 
-groups (Was^he instruction in small groups?), (3) method(8) of it^struc* 
tion, or (4; the number of calculators per group* (Did each pupil have a 
calculator?). Yet the authors conclude, based on observation, that the 
calculator-assisted' learning was vastly' superior. •Care must be exercised 
in interpreting an<^ utilizing findings based *§'olely onjthe impressions 
of the experimenters. Additional detail would have provided the reader 
with the necessary information to Interpret the conclusions. * 

While the observational results favor the calculator groups; no 
comparative perfoxmanoe data were reported. It is possible that the 
non-calculatOr group, appearing less motivated, may have achieved more. 
No assertion is being mede that this was, in fact, the case in this 
study, but the possibility must be considered. 

<* -> 

The low interest^ level reported for pupils using »manipulatives is 
not in agreement with numerous studies which have established the mo- 
'tivational yalue of manipulative materials. One is led to suspect a 
teacher-bias effect against the non-calculator group. 

The study wifh eight- and nine-year-old children had only five 
subjects. The authors choise tg report achievement test results on 
only three of thes^e. five subjectg^ Why only these three? What wete 
the scores for the other two? The practice of selecting data to report 
» is highly questionable." The number of subjects in the other four studies 
is not reported. ' «p 

, The study 'comparing '^discovery and exposition** teaching strategies 
vras poorly conceived. To give f ive-yeaj-^old xhifdren c^culators with- 
•out any direction and expect them to **discover** calculator logic is un- 
reasonable. While it- may hot be necessary to teach explicitly each key 
functipn, at least children need suggested activities to .inc(Jtporate the 
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calculator as a tool in their thinking. A better test of the discovery 
approach would be to teach children to use calculators and then let them 
explore* 

It'i^ quite clear that the authors were very impressed with the ad-' 
vantages of calculator use in learning mathematics. While the calculator 
nay be a valuable new instructional aid, the total effect of calculator- 
assisted instruction must await more careful evaluation. We do not o^t^n 
f incHpanaceas for ^he problems of education; it* is doubtful that the cal- 
culator is one. 
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?-PACED CALCULUS: A PRELIMINARY^ EVALUATION. Struilc, Ruth R. ; Flexer, 
Roberta J. American Mathematical Monthly , v84, ppl29-134, February 1977. 

Expanded Abstract and Analysis PrepareS Especially for I.M.E. by Harold ^L, 
Schoen, University of Iowa. 

!• Purpose T 

To 'compare a traditionally taught calculus course with a self-paced 
course based on students' performance on a final examination. 



.2.'^ Rationale - ' * • 

No previous res^earch' or theoretical framework is cited. 



y.m Research Design and Procedure 

A first-semester, five-credit xalculus course at the University of 
Colorado was offered in both a selij^paced instructional tnode and a tradi- 
tiomfl lecture-recitation mode. One hundred five students chose the ^ 
•elf-paced section while 130 elected the traditionally run section. 

The students electing self-pacing could select any of three differently 
paced i^esentations—^ast, medium, or slow.^ Later this was modified to ^ 
one medium and two sloW presentations. Classes met for four 50-minute 
sessions per week. In addition, one and one-half days per week were 
provided for t;aking 12 quizzes and the midterm examination. Students 
received frequent individual help> were ^iv«n up to five chances to pass 
cjach quiz, and had the^^option of taking an early^filial examination,. 

"Those electing traditional instruction attended three 50-minlite 
lectures and two 50-minute recitations weekly. Quizzes and examinations 
were administered, graded, and returned k^a traditional manner." , ^ 

Cumulative grade point average d| (CPA) anci American Testing Program 
(ATP) matheraati^ examination scores were collected for all students. 
The dependent variable was the\ student* s' grade on a common final 
examination. A two-way analysis of covariance model (method x sex) using. 
CPA. and ATP as covari^^es was eraglpyed. lb addition, a three-way analysis 
of variance (ATP x method 3^ seiOwas ^un primarily to test for ability 7^ 
method interaction, T 

4. Bindings ' , * , ^ 

Group means and numbers of students are given in the table. The 
difference in medns between the treatment groups was significant beyond 
the 0*01 level (Fj^^x48 ^ ^'^^ ^^^^ taken into account). No % 

Other' effect was signif ic^pt. 



Table. Means of Final Examination 



*• Sex _ Raw Means 

• Male l^emale' 

Self-Paced X « 172.9 X ^ 172.3 X « 172.7 

n = 41 n « 16 n « 57 ' 



Method 



Traditional X =^9.4 X = 164.5 X = 153.3 



n =^2 n = 25 n « 97 



Column X = 157.9 X - 167.5 

Means n « i:13 n « 41 



Interactions between sex and method and between ability and method 
were not statistically si^ificant* — ^ 

No students failed in the self-paced section. order to test for 
a possible spurious depression 'of the traditional group mean due to a 
9.8% failure rate, the data were also analyzed after deleting the data 
from f ailing^.students. Again, there waS a statistically significant 
(p <0.025) difference in means favoring the self-paced group (means 
were 172.7 compared to 165.9 with Ns of 57 and 84, respectively).- 



5» - Interpretations 

"The conclusion to be drawn from this analysis is quite clear: 
students in the self-paced group cjid significantly better than students 
receiving traditional instruction." ^ 

Lack of random assignment of subjects, possible scorijfig differences 
on the final examination, and the possible confounding variable of 
^acher effect are cited as 'flaws in the study. Nonetheless, two 
implications for departments of mathematics were drawn. First, self- 
paced sections should be -made available as ah option for students with 
full awareness that more 'instructional time is involved. Second, 
departments of mathematics should recognize females as a potentially 
rich source of capable mathematics majors. 

Critical Commentary 

This study Reports th^ results of an evaluation of a particular 
approach to instruction in the calculus. The approach seemed to work 
at the ^Univer^ity of Colorado ''with their instructors and students. It 
mig^it be a viable approach for other institutions. In my opinion, not 
much more can be concluded from the* study for the reasons which foJ.low. 



The authors list three weaknesses in the design: use pf volunteers 
for subjects, possible sc'oring differences in final examinations, and 
the teacheif effect. In fact, these three weaknesses make interpretation 
o£»the results impossible. Since the students in the sel4-paced class 
volunteered to be there, at most one could conclude that students who 
volunteer to be^in a self-paced class do better than non- volunteers .in. 
a traditionally run class. However, the possible differences in teachers 
cannot be excluded as an explanation for the results. Worst of all-- 
because it could have easily been corrected--the possible systematic 
difference in the scoring of the dominations appears to eliminate any 
chance of a meaningful interpretation! . • 

, Given that the data presented and analyzed in thife sttidy are neither 
gei^ralizable nor easily interpreted for this sample, \^hat is the value 
of the article? It seems to me that university mathematics instructors 
may be interested in trying this appr6ach--namely, traditionally run 
classes with a self-paced section/'available as a student option. Such 
a scheme has support from previous research although it is not cited by 
the authors (see Schoerr, 1977), Unfortunately, the authors do npt 
describe the self-paced method in any detail. This makes it impos-sible 
for an interested instructor to replicate it# 

In conclusion, I wish to emphasise severaf points: 

!• I agree whole-heartedly with the authors' statement that 
•* self-pacing should be available , only, to those who 



lould 

elect ijt." This is ^borted by p^jevipus research findings. 

2v The "self-pa«d" method in this stucjy^ probably was not the 
learning packet, bit-by-bit appf6ach,* but consisted 'of 
, . teacher-centered presentations geared at different rates with 
individual tutoring available Upon request. 

3, With regard to the individifll tutoring, •'It may be that any 
method that .utilizes so large an amount of instructional time 
will give similar te^sults." 

An attempt should be made by journals and authors to 'distinguish 
between research articles in which the rationale, design, and procedures 
make meaningful interpretation of data possible and those articles 
describing an approach to teaching that watf apparently used successfully 
somewhere. In thii second type of article, the space ursed for data ' 
analysis could better be allotted to a detailed description of* the 
teaching method, materials, management system, et cetera. This would 
allow the approach tq. be adopted or adapted by another teacher or 
institution. Thus the practitioner in search of teaching ideas could' 
gain useful info;ETOation while not being misled by seemingly "hard" 
data which, in fact, rest on very weak foundations* 
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^"-Nv^ Bcpanded Abstract, and Analysis Ptepared Especially for I.M.E. by 

James E. Schuitz^The Ohio State University ^ ^ •* 

Purpose : • , ^ y 

• * 

jSQie purpose of the study was "to explore a technique for evaluating 
(preBRvice elementary) teacher education programs in terms of teaching 
competencies and, in particular, to explore that technique- §s applied 
to the Indiana University Mathematics - Methods Program" (an integrated ' 
• content-methods prOgicjrfm*ref erred to hencefoWih as "MMP"), Two major 
* (Jliestioits were identified: ' ^ . 

(a) Is there any Jifferenc!e in performance on certain teacher 

, variables by preservice teacheijs (PSTs) trained by the MMP 
and those trained by alternative programs? 

4 

(b) Is there any relationship between the achievement of the 
pupils taught by the PSTs and the performance of the PSTs 

on these tocher variables? . ^ ' 



2. Rationale * , ' ' 

In- an effort to probe the effectiveness of the MMP and the relation- 
aW^fs among pupil achievement and teacher characteristics, the study ex- 
fended a teaching performance, test paradigm over certain "product"* vari*- 
ables described by Popham 'to include certain "process" variables. The . . 
process variables identified were *(a) clarity in developing a mathematical 
Idea, (b)' questioning techniques, and (c) ^involvement of'-pupils. , " 



3. Research Design, and Pi:pcedure 

The PST subjects, were 'undergraduate elementary education majors'at 
Indiana University. Ten students were randomly^selected from each of « 
three .programs. 'Students in the MMP^format had teaching- "experiences * . 
which related to their mathematics instruction in .content and methods 
over two semesters*. Students in Contrasts I and II had previously com- 
pleted^ the required inathematics coufses for teachers and were enrolled 
In mathematics methods coirrseS. those in Contrast I had no field expcrienc( 
In conjunction wifh fh^ir, course and those iit Contrast II had partic-i^pated 
regularly in* field experiences ^of a general 'nature - - not restricted to 
^he teaching of mathematJIl^ topics*, the pupils taught by the PSTs were 
120 third-grade pupils. » 
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- ' PSTs were giveri instructlorial objectives S^iays . bef c/f e'teaching 
*two hAf-hour sessions introfducing equivalent fradtions to a group of 
•4 third-graders* on eonsecurive days, ^Teaching .s^si'oijs were vid^taped 
for evalUatioj^by 4* graduate students "who Tiad been tlrained as /bservers. 
Each tap^ was^andom]?y assign'^d to two observers who used fre^qamncy * counts 
^rid ratings to ^ssigti values tb *the^ clarity , questioning, and, pupil 'in- 
irolvement • variables. • , ' ^ . * •* ' 

Prldt to the actii^l teaching,, a test on equivalent fractions was 
administered to _§^h PST and an /IQ . test and a fraction Inventory were 
^ given- to the third-^rade pupd^ls. Xiiese latte'r two measures were used 
to* adjust pupil "pdstte^ sepre^ for initial differences. x 




"^ ^Flnjings 



■ w 

A sequence of ' multivariate; univariate and Tukey test* Ted to the 
reporting o.i several significant differences. The ranklng'^of the grMtf>s 
for'eacK of the, five vaj^jbles (from low to hi%h} is sqrtonarized below; * 
wjiere -an underline joining 2 variables? indicates no &ignif idant differ- 
ence at "the .05 level- Here«"M" represents '^e \^ g^W^p and "I" and 
"JI" represent Contrasts I and II respectively. ^'k* 



PST Test I II' M 



Clarity-. . • ' I II , . -M 

H}uestloniijg *. ^ I , - .11 M 
Involl^bent . ' » ^ I ' II M 



?upil..gcpp ^W ^' . ^ 





. II 


I 


II 


I, 


It 



^ tif leant (p < .01) Pearson prcJ^bct moment corrielatlahs wer^ 
found' betj/een each pait of variables Chosen from cla'rijty, questioning, * ' 
pupil 4^volv#ment, and ^pil score. ^ The clarity vsT. piipil score corre- • 
la t Ion*' was ',96'. .Re^ability measure^^ for in^tiHjpents an<} cod^r consistenc 

':ee 



exfceeded, .83 in all cases. ' , 



5* "" Interpretat ions 




1 



The invest igatpi;^ stated the f6j[^owing conclusions:' 

(a) The pjpcedures used' iru thllr study 'sliould be jconsideted 
^ a i^ffeUle technique for 'evaluating segment^ cff a teachei 
educa^l^n' program^, , • . . ^ 



<b) , The threfe teacher variabiles, Clarity, Questioning, and» involve- 
ment/ are strong correlates of pupil acnievement. • - : 

Xc) ' The MMP Appears ^o have promoted competency associated with 

the variables Clarity, Questioning, Involvement ,an<J Pupil Score 
more effectively than the othe» two programs of the study. 

(i)' There Ts an indication that regular, planned school experience 
^ - * in conjutict^ion with *the mathematj.cs premtratioi^ of ^preserv^e , 
• ^ ^ elementary tea|bers^,may Tiiave "an impact on taecheY com^etency^ 
• to produce maoBmat leal learning in children. • - 

However, the investigator disclaim^jthe ability of the study to 
draw 4^i^ite' ^onclij^ons comparing the^^^^^^s with'regard to the 
variables studied or ather variable's and ^rged farther studlfes focusing 
.on field experiences, since the sample in this study •was small, the 
school populatijjn was atypical, .and the teaching" lessons involve^ only ' 
one topic. ' . - , 

? * Critical Cothqjilhtary y - , * 



>m^| ^t 



For the most part, the article report#jd a useful, carefuUft done' 
study. The invest iga'toU' usually was aware of potential xiif ficulties ^ 
and consc lent iousl^^^ver ted them or acknowledged -instances where they 
could ^not adeqliateiy be controlled. .Nevertheless several p9ss^le 
flaw^ exist ,in addition tb. those identified by the investigator/ 

Though PST subject s^ere randpmly 'selected from the three teacher 
training programs at Indiana University; how were students assigned* 
to these three . programs in the first* plaee? ^he scores of the third- 
-•^aders were ^dju^ted fqr init&kl. differences, but initial diff^ences 
hichm^y have .existed among the PSTs in the three groups *?ere "not ad- 
dressee!, i • * ' ' * * 
^> I \ ...... 

' We know t^at PS^s in th^^MlP oup were currently-studying ma tfhe- ^ 
ti^jj^inceAHS MMP is alfTntegrated approach); yftt wej^are tolcl that 
thos^^Bt^ljSti^er two programs h^d previously completed the required 
mathematics ^tit^ed. . Would this not introduce retention of thefrcathe- 
^p^s as^a coktamindht? DifJEerences in scores on 'the PST .efciuiVa lent 
•fractions te^t' {though statistically: significant.) did favor the MMP 
group, •4)QssiblV siippqrt^g the view that retention was a probleta fn Cpn- 
trasts I and 'II. The fact that the time^to p'repare the lessons was onl^ 
3 day^nlght ^30 fayo^Jthe mathematic^ply more current group (MMP). 

^e toder^s were gradu£fte ^i^dents. Were they affiliated with the • 
uistructipnai iapprd^chefe in anyothei* way?^ Were 'they blind to the 

itment. groij^s from* w^ich the PSTs were selected? Was experiyneJiter 
bfSa^iiftroduc^ by the fact that the investigator was siiifultaneousiy a 
.contributing autfior to the MMP?* I . / * , 



* 



The reviewer would, like to 'underscore the investigator's concern for 
th€' ability to ^draw definite conclusions comparlrfg the programs. Assign- 
ment of ^students and. teachers to programs and the man;^ factors not within, 
the realm of control obviate facilitating direyct comparisons. ^ 

' The questions raised aljove should not, however, discount this solid 
coiitributioa to the literature. ' C * • 

. • ^ - - ----- - 
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THE CONCEPT OF EXPONENTIATION AT THE IM)ERGRADUATE LEVPIL AND THE DEFINI- 
TIONAL APPROACH. Vinner; Shlomo. Educational Studies in Mathematics, 
v8 nl, PP17-26, 1977. - " '' ' ' ~ 

Expanded Abstract and Analysis Prepared^ Especially fdr I.M.E. by • • 
Zalman, Usiskln, UnivlV^ity of Chicagd. * . ' ' ' ' ' ' 

1. Purpose . ^> • 

To deal with the role initions have in algebra when neV arith- 
metical operations ^e ddfnfei^n t'erjas of old operations. Th^ jxaper 
consists of a study and extensive discussion of thi6 rgle, with specific 
examples- purposely restricted to exponent iat ion. J 

2. Rationale , * * ' ' ' ' ' * 



The process of definition has a very important role in the structure 




simplicity) whole numbers" (p.-l7). Do stud^uts look at exponentiation 
the ,same way as some of their teachers t;ried to Xeach t-hem? It isMm-»- 
portant at the college level to know what we. can assume about students* 
backgrounds and their views of mathematics. ^' ; . / ^ ' ^ 



3. .Research Design and Procedure # . 

The eight questions listed below were administered to' 195 mathe- 
matics freshman e^irolled in a calculus course and 56 upper-level mathe- 
matics students at Berkeley. Each question had the same five choices: 



a theoi^em 



(b) - a law ' ^ 

(c) a fact |about numbers ^ 

(d) a definition ^ , \ 

(e) an axlc^S • * 
The questions were; V 

di The^ equality: n-/^ - a""^^ in: . .. ' ' 

4 

(2) Let, a,b cfenote two arbitrary positive t\\imbers. The 
• equation: (-a)(-b) « ab is:... 

(3) The equality (a + b)c ■ ac + be is:... ^ ' 
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(4) The equality a*a . . -a = is: . . . -* 

^i-^-v J 

^ '«m tlAes — • . > 

(5) Let a,b denote two arbitrary real numbers. The ,^ 
equation: (-a) (+b), = -(ab> is:./. 

(6) Let a be any real, number different than zero. The inequalit/.^^^^^^^ 
a2 > 0 is:..\ / '* ^ ' W 

(7) Let m denote any natural number. ' The equality: 

= is:... , • . 

(8) l-et a^b denote two real numbers. The statement 
, 'a > b if and only If a-b > O'^' is:... , 

Questions^, 4^ and' 7 were tK^only one's analyzed. In each of 
these, the usual order of the sides'^&f^^the equality was reverseS "to make 
it less, familiar to the student'' (p. 18^. • 

A. Findings . ^ ^ 

; ^ > . Table 1 • ■ • , - 

, (Freshmen) 



Quest ion 
Number 


A theorem 


A lav. 


A fact atj&ut 
. numbers 


A definltion- 


^ axiom > 


1 


14.9 


. 9.2- 


^2.6 . 


51.3 


2.0 


4 


21.5 


5.l' 


11.3 


52.8 


8.2 


7 

» 


11.8 


7.2; 


. 12.3 


63.1 


5.6 



Table II 



(Upper Undergraduate Level*) 



n^^XTaW A fact abc^it 



Question A theorem" A law A fact a bcAit ▲ def inition nAn axiom 
Number , . * numbers^ . • ' ^ 

i — ^ • # ■ ■■ 



1 19.6' y.6 7.1 66.1 - ^.6' 

4 ' 10.7 5.4, 7.1 ^^75.0' 1.8 

1 12.5 ■ 1.8 5.4 80.4 0 , 



/ 



Taking "a def initlcm"/a^ the cotrect response, 56% of ' the freshmen 
and 80Z of upper undergraduates had at least 20 of 3 correct responses; 
28Z and 52% respectively had all 3 correct. * -A - ^ ^ 

* * * * < * 

5, Interpretations # . \ 

Over ;half of. this article is devolved to i^iterpretations^ Among 
these are: "The results are not satisfactory sittce we are dealing vith 
math majors and the problem is so elementary" (p. 22). The author feels 
that many of' the students see mathematics as describing and reve|ling 
* the lavs and facts of the world of numbers just as science reveals the 
laws and facts of t*he' concrete world. The iBea 'that mathematicians 
define operations and^otjier notions does not agree with many ^udents;' 
views. Thus these students call the proper-ties 1, 4,^c(jid"7 "laws" or 
"facts." , ♦ ^ ' >^ * ' i 

Tlie -author connects the results to^ Piagstian notions. There is 
question of readiness. Here the readiness is not previous knowledge 
a correct approach to the subject matter. "To teach the definitionaT 
approach' before the student is at the suitable intellectual stag^e is 
just useless (although he might^ass the exam)^* (p.* 25). 'The author 
concludes that "the definitional ap^'rpach should^ be eliminated, from 
non-majdr mathematics curriculum" (p. 25) 




V > Critic<K Commentary ^ 

The author perceptively states a gumbcr of plausible reasons for >* 
the non-unanimity of answers , ^ including high school textbook confusion 
of definition and theoremf the semantic difficulties surrounding the 
word "law", particularly as applied to the properties of ' exponents; the* 
if ' m . , m% in the studJtt's experience before de- 



appearance 



* a 



m times'* , , 

finitions, laws, and facts are distinguished; and the possibility that,, 
in the approach the 'student psed, these'were not definitiions bufcr. pos- 
tulates or theorems. Given all of these possibilities, the percentages 
in tables I aftd il do not seem particularly low. Indeed ^ they seem ro 
*this reviewer to be high! ^ - * 

A study can be no stronger than' the instrument it . uses. It was 
helpful tonjfave all questions published as they were givej^i. So I gave, 
this test to my students and talked to* them about it. Thtey felt, as I 
do, that *each question ^ould have had many answers. Some of them were 
familiar witjf more than one approach to e5j:ponen^g^ The ^thor reports 
no follow-up or interview with any student. Thu^ there i|S no test of 
th^ f^jp^ point jof this article, that students answered as th^ -did 
jbetkt||se of a ^ lack of understanding of the definitional ^rt>roach. In 
flight *9f the lack of attempt to di«tiriguish cau^fes, theter is no rationale 
for th^ final conclusion*, 'l^t alone a justification for 4fhe strong tertD^ 
in whldh the final conclusion is stated. 
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Could. It be that the author had his 



\ study? 



ed before doing the * 
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THE ASSOCIATION BETWEEN TEACHER PARTICIPATION IN NSF INSTlTUTfS AND 
STUDENT ACHIEVEMENIi. Willson", Vijctor L, ; Gariba3||y., /fi^tolne M, ^ . 

Journal of Research In- Science T.eachin^ vl3 n5, pp431-439, 1976, - 

Expanded Abstract and Ai#lysis Pxepared Especially for I.M.E, by Edward 
J, Davis, University jof Georgia, ^ ^ I 



it ih 



I,' Purpose 

This study was diredted at the question, *'ls there any evidence 
that precollege studenEcognitive achievement has been increased because 
of teacher participation in NSF-sponsored institutes? It should be 
noted that this study was conducted as A NSF-sponsored project. 



i. Rationale . ' M 

The authors make the following argument ^or a post hoc analysis;^ 

{ 

" ^anexperimental comparison between: students whose teachers, had 
attended institutes and ^students whose teachers h^ not would be 

J^Dpt4iiial; The experiement would require rand€te assignments' of 

teachers to institutes (or not) and random Aassignments of students 
.td teachers. Since NSF has not followed suCh a* strategy, post hoc 
comparisons may be j^onf ounded by certain ^demographic and persori- 
ological differences between teachers, who ha^e attended and those wh 
have not attended NSF institutes. All potential factors can never 
be discounted in a post hoc analysis, but those theoretically most 
relevant should be dealt with*. (p* 431) I ' 



3. Research Design ^d Procedure 

-7 ^ : ' ^ ^ ^ * ^ 

. iLpost hoc analysis was performed.^ The authors identifiecf science 
(or mathematics) achievement of teachers, and the level .of cla^^s ^ - 
which a teacher is assigned to be the theoretical and relevant -threats 
to examining the relationship between teacher Institute attendance and 
students' academic improvement. ' 

' ^ ^ ^ ' [' ' 

Aq urban-rural sample of junior and se,nior high schools was selected. 

for' science from*Wyomdng, South Dakota^; and Mississippi and for matfie- 
matics from California and Indiana. Ur^an representation was small. 
Eighty-one percent df the science and qinety-one percent of thfil mathe- 
matics classes and teachers "came from dmall towns and. cities under 50,000 
population. Within each school the principal was asked to select , ran- 
domly one science (or matTIemat ics) tea<iher and then, select randdmly one • 
class 'from this teacher's load. ' This yielded a toUal of 346 sqience 
teachers and their classes ^nd 211 mathemat ics^eachers and their classes 
Each teacher was g.iven arr ^achievement test in the subject area (NTE exams 
.In eiiher Physics-Chemistry-Science or Mathematics). Science students to 
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a 40-iten> test taken from the fiAEP science test and the ma thereat ics ^ 
students were given 40 items frota the NLSMA item-p«)l. Different 40- 
^ '* item forms were developed for junior high arrf senior- trtlh classes. 

Not all students took these achievement tests. Each teacher was given"* 
instruct ionS/ to assign randomly attitude, process, and achievement in*- 
• * struments. ^ ^ . . 

From a background questionnaire teachers* were classified as having 
NO, LOW (1 or 2 institutes attended), or HIGH levels of. participation in 
NSF institutes^ 'This placed 36, 36, and 28- percent of the science teacli- 
ers and 43, 29, and 28 pe;;cent of the matheni^tics teachers in the re- 
spectfte groups. 

♦ The procedures atjove provided the investigators with a means to con- ' 
trol' teacher achievement and level of class assignments which were iden- 
tifiW as obstacles to examining NSF institute participation and student ^ ' 
achievement. Teacher .achievement on the NTE exams was tised as a covari- 
ate in analyses of student achievement. Tjie random selection ol teachers* 
and clashes was used to produce a situation wherein approximately equal 
proportions of high-, middle-^ and low-ability classes appeared'-in the 
NO-LOW-HIGH partition of -the teachers. The authors st^tf : ' / 

^ The possible differential assignment bf Institute attenderg to ^ 
hlghex>^ability classes was examined by testing independence 
of NS^^ participation from the teachers* assessment of t^fc ability 
gr^up of the class from which' the achievement data w^r*e dravn ^ ' , 
(high ability^ average ability^ low iitTlTTt"jrr~*llil tcfted ability 
groupings). Also tested within the senior high 'school science 
. data was the independence of type of class (biology, chemiktry*, 

and physics) ' frgm NSF part icig-at ion. The chi-square sta^i^tics * ' \ 
was used for each tedt», . All chi^sc^are statistics were 
nonsignificant at p « .,05, indicating independencf of the dis- 
tribution df teac;^er assignments by abili,ty grouping, or stib- 
ject matter* in' ^ience, from NSF institudfc^rticipation. ^ (p. 433). 

* ^ ^ ^ 1 

4. Findings , . ' ^ 

« 

was reported that: ^ ' 

Tne marginal*means of 'student achievement* for NSF participation 
sn^w a consistent trend in the direction of better student "per- 
folgniance with •increased^ teacher NSF participation for all ;^f our 
^^yialyses. . . The^e means are essentially unaffected by adjust- 
ment f.or the cqfariate, since none of the regressiotvs were sig- 
nificant, at p « flO. . . The nonsignif icance of the coviariate 
implies that te^h^rs* science ability is not related with their 
students achievem^t, (p> 435) 

To rfollow up differences in means scores^two planned orthogonal 
cbntr'^st^ were performed on the senior high' science scores and two 
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more cm senior high mathematics scores These Contrasts used an F sta- 
tist ic. The first conttidered the combined, scores of students ^of LOW and 
HIGH vs. Nff teacher-institute participation. The second contrast com.- 
pared the scores of * LOW vs. HIGH participation. Three of these fdiir con- 
trasts had significance at the .01' level. TKe&e are reported as suggest- ^ 
Ing that teacher "^attendance at institutes is associated with higher stu- 
dent performance , than no attendance, and that students whose teachers 
attended the higher num])er of institutes (more than 2) di.d better Xhan 
flftudents of "^'eachers attending only 1 or 2 institutes. ^ ^» 

5* Interpretations ♦ ' ♦ 

— ^ ' ^ ■ ' / 

The authors conc]fude tha't a real institute ^ect:is present, 
prescribe that institute attendance be required of all secon||firy.J 
■science and mathematics teachers. 

♦ ' ' Critical Commentary ' 

This study investigates , an important area.-^ In t4rms of tim^ and - 
money,' a gri^at deal is being and has been invested in in-service educa^ 
tion. Studenf aohievement is seldom used as k criterion to evaluate 
in-service programs. It is relevant to'do so. ♦ ( , • ^ 

Lam left with some questions, .however. When principals are 
contacted is it likely that. they will select a science or mathematics 
teaser (and one of their classes) at random? Or wilj.;a principal - 
tend to choose a teacher and a class accordin^to TOTPe^^reconceived 

. criteria^ in spite o£ guarantees of non-identification o^ participants? 

jWhat about the levels of .difficulty , of 'the achievement tests? Were 
t^ey constructed, to reflect the range ot. cognitive behaviors identified 
in the N^LMA study (Computation-Comprehension-Applic^tion-Analysis) ? 
What ^out the attitude and process measui;;es? How. were they construct-*- 
ed? HoW'did the 'student's perform on them? * * j 

Wefe these my on^ly concerns, I would feel good atjKit this study,' 
However, I must, take exception tdT.the authors' conclusions and re- 
commendations.. The tr6nd is for 'students having -teachers who participated 
In'NSF-sponsoreJ institutes to have a significantly higher mean »score ,t 
than students having teachers who did -not attend institutes.'' But how ^ 
much higher are these means? About 1 or 2- points^ (items) on one AO,- ^ 
Itei test^^^Jith*a laFge sample it is,*possible for such a ^11 mean ^ 
dif f erenc^^P be significant. Statistical signific*ice is present but 
it is qi^^tnable whether -this difference is meaningful or possessing 
any prac^^^P significance. When one considers the cost of an institut^C 

• to both ^BBors and p^PTiclpantls , a recommend a t^^bn that teachers be Re- 
quired, to attiend theji^ased primarily on gains'of iTor 2 points?^ on one 
•Ad-ltem instrument^jKrcs at best premature and at* itfe worst feathering 



on^s nest. 



MASTERY OF SIMPLE PROBABILITY IDEAS AMONG G^C.E. -ORDINARY LEVEL MATHE-- 
MATICS CANDIDATES. Wood, R. ; Brown, M. International Journal o f Mathe- 
inatlcal Education in Science and Technology , v7 n3, *pp297-306, August 1976. 

Expanded Abstract and Analysis Pfepared Especially for I.M.E. by Richatd 
D. Lodholz and Douglas A. Grouws^ University of Missouri-Columbia. 



Purpose 



— To investigate the apparent difficulty of probability test items 
on mathematics examination papers taken by the most able 25-30 percent 
of 15- to 16-year-old English students and to investigate differences 
in difficulty between sexes. - * 



2. \ Rationale 

An anyalsis of responses to the General Certificate of Education 
(G.C.E._») Ordinary Level mat"hematics examihations of 1973 and 1974 by 
the University of London -School Examination Department disclosed an 
apparent difficulty in probability items'* relatjve^to t*he other items 
on each examination, and an apparent differentiation of responses between 
se^ces. In the 1^74, paper, two of the three probability items showed 
lower percentages correct than 48 of the 60 items; the average percent- 
age, difference between boys and girls was '17X,' while the average fcc^rks 
for' all items differed 'only by 6% "(both favorable t6 the boys). 



According to Wood anci Brown, previous studies hav,e shown that 
probability calculations involving the multiplication law and com- 
binatory operations in permutation calculationis are unlikel/ to be 
correctly done until the Piagetian Stage IIIB ^(full formal operations). 
Probability, items involving* (1) an elementary event; (2) the addition 
law; or (3) a single complementary event are. ^cess'ible to students in 
the Piage^tian Stage IIIA (eiarly formal operations). ' • ^ 

If the assutiiption is made that, the full formal operation stage is 
reached- during and after the age of 16 y^ars,, then any probability itefc 
involving the multiplication law wj.ll cause difficulty if taught to young- 
'er students. ' i i - ^ / 

♦ " * 

3. Reseglrch Design and Procedure . * .^^ ? 

* Responses from four of the six multiple-Choice probability items 
from the 1973 and. 1974 papers^ of the G.C.E. were analyzed (1 from 1973 
and 3 from 1^74). Students from, the same schools were looked at each 
year. The schools were coeducational with 9.71 individuals in 1973 
(493 boys- and 478 girls) and 925 individtials in 1974 (510 boys, 415 girJL^s). 
The assumption was made that the students had the sa«e^ learning oppor- 
tunities, although the researchers qualified that by noting such sampll^ng 



may not Indicate comparable mathematical ability. Speculation about the 
dlscrep g^C des In Item performante was then given. 



4*^ Findings 



ten^ 



Iten^ froJiKJhe 1973 papers was: "A penny Is tossed 
What Is the probability that it will come down "heads" on 
first three times and "tails" on each of" the other two?" 



five times, 
each of the 
The item in- 



volves the multiplication law and correct responses were listed for-52.1% 
of the boys and 34.9% of the girls. Of the incorrect responses, more ; 
girls 'than boys chose the distractor involving the addition law (16.5% 
to 13. 2Z). 

Item 1 fTOnr the 1974 papers wasr "Which of the following oocur(s) 
with probability 1/5? ,(1) A score of 2, 3, or 4 on a normal die; (2) 
Two heads from two coins tossed together; (3) A "spade" or a "club" when^ 
, a card is dtawn frop a pack of playing cards." The correct answer to 
this Item does not depend ou the "mult ipllcat ion law, and correct re- 
sponses were made by 67.3% of the boys and 51.3% of the girls. 



The other two |Ltems cited showed similar results. Correct responses 
on Item 2 from the 11974- papers were given by '44 ,3% of th6^^oys and by 
23.9% of the girls.; This itqm Involved the multiplication law. Item 3 
from the 1974 paperjs listed 41.2% of the boys and '26. 3% of the girls, with 
corr^t responses. ^ This item Involved the multiplication law and the con 
cept of "without r^lacement . ' ' 

' ' I' • ' ' 

The results of! all three items of the 1974 papers showed that 21% \ 
q( the boys and 7% .pf the girls had cori^-ect responses on all. three items. 
Incorrect response^ on all three items were given ,by 18^ of the boys and 
33Z of the girls. 1 . \ ' 



5. Intert)r etat ioqs 



The majority of children have difficulty with ^probability items that 
involve the simult^meous occurrence of^^ number of events atrf/or a joint 
event in which comj^on^nt evfents themselves involve th© simu l taneous o(*:ur 
xenceofa number oi independent evjents^ ' , ' ^ / ' 

The frequency jwith which h^)ys .and girls chos^ particular distr^ctors 
often varied consiqerably. feirls chose distractors more' frequently than 
boys that were "less justifiable" than the o'ther possibilities.^ For ex-, 
ample, on dne item|l0.5% of the girls chose a*probabillty greater than 
one as the correct answer while on}.y 4.5% of .the b9^s chqse this alter-- 
native. | , 

jt 

Evidence from, this study indicates that tlje average age for students 
attaining ^he.jy^g0tian State' IIIB (fuU formal operations) may be later 
than 15 years and ^hat;^ girls reach this -stage, la^^r^han boys. 



^ Critical ConaRehtary ^ 

Several concerns about this piece of research, Which was* in general 
well done, are summarized below: ' • 

* - ' * • ■ 

(a) The author's, explanation of. the sex differences in per- 
formance on the probability items seemed to be narrowly 

4 directed to the possibility of differences in rates of 

intellectual development. Alternative explanations for 
the differences did not seem to be vigorously explored. , . 

For instance, could the differences be related to differ- 
ences in the ability to read the language used to state 
the test items? Also, the assumption that the 'same 
opportunities to learn the probability •'ideas was afford- 
ed the sattfe Schools, c^n be quesrtioned and should b§ ex- 
plored further. t ^ ' 

(b) Some of the hypotheses concerning \iow students were 
thinking when they chpse particular incorrect aA^wers 
suggested that the student s were .operating in the full 

,%formal operations sta^e (IIIB), which contradicts the ^ 
authors' later statements that these students had *not 
attained this^ level of intellectual maturity. ' , 

^he authors in this article demonstrated in* an' exemplary way a 
penetrating anaylsis of a small^ collection qI .related test items. The 
results, in our opinion, wefe too often phjraged in a conclusion-oriented^ 
manner for the special sample of students considered and the siijall num- 
ber of related test items available for analysis. However, whethet they 
are called conclusions or data-based hypotheses, they are interesting and 
important and worthy of further' investigation. ' ' 



HA'^EMATXCS EDKPATION RESEARCH STUDIES REPORTED IN RESEARCH IN EDUCATION 

July - September 1977 

» - c ' ' ' 

ED X35 598 ' ^ox, Lynn tf. Gifted Girls: Sclent is ts^and Mathematicians of 
n the Future. * 15p. '-ME dnd HC available from EDRS. * . - . 

feD 135 616 , Ruud, OrvlllV George.* The Construction of an In^rument to 
Measure Proportional Reasoning Ability of Junior HigBjfrupils^ ^ , 
280p. MF. available from El^^. HC not available from EDRS. 

ED 135 638 ^ . Wanchoo, V. N. ; Raina, T. N. (Eds.) Research In -Science & 
' . ^ Mathematics Education. 129p. MF and HC available froi^D^ 

ED 135*670 Higgins, Jon L. (Ed.) Research Seetipns, Annual Meeting 
of the National Council of Teachers of Mathematics (55th, 
' Cincinnati/ Ohio, April gO-23> 197^). Mathematics^Education 

Reports . .135p. MF ^nd HC available from EDRS; 

ED 135 836 Sachar, Jane. Use of Performance Mojiels in Developing 
' Standardized Tests . 15p. MF and HC available from EDRS. 

V 

ED 135 «6l Shann, Mary H. An Evaluation of Unified Science and Mathe- ^ 
matics for glementary -Schools (USMES) -During the X973-74 Schooj 
Yeaiji 286p* MF and HC available from EDRS. 

ED 135 864 Shann, ilary; And Others.' ' Stu^en^Effects of an Inter- " 

dis9J.plinary Curriculum for Real Problem Solving: The 1974-75 
USME9 Evaluation . Final Report. 407pi MF and HC available 
^rom EDRS. ^ 

ED 135 868 De Grade, James S. ; Vicino, Frank L. A New Yardstick for 

Comparing Achievement in Basic Skills . 2 Op. MF and HC available 
from EDRS. * 

ED 136 962 ^ Woijg* Bemice. The iEELationship Between Piaget^s Ccfticept 

of Reveysibtlity and Aifithmetic Performance Among Second Graders . 
20p. ' MF and HC available ffom EDRS. 

ED 137 t)70 Kralt, Rosemarie Harter^. An EEG Study; Hemispheric Brain 
Functioning '-of Six to Eight Year Old Children During Piagetian 
and Curriculum Tasks with Variation In Presentation Mode . ^14'p. 
MF and HC available from EDRS. ' ; 

ED 137 071 Cohen, Martin Paul. Interest and its Relationship to ' . 

Problem-Solying Ability Among S^^ndary^^chool Mathematics , ' 
Students , lllp. MF available ^from^EDRS^ HC not available from 

/ * EDRS. ^ ^ f . ^ . J 

ED, 137 094 ^ Flexer^ Barbara K. ; Wright, Robert J. Interrelationship of 
Age and Sex in Achievement in an Accelerated ftghth Grade 
Algebra Course . 17p. MF and HC available from EDRS. 



64 



7^ 



^ - 

ED 137 095 ^ Wiles,. Clyde. ' Computational Pro^clency and AlgorltHftlc 
' ^ .Learning of Sixth-Grad6rs XJsingsj;^MP Materials T A FomijfcLv^ *^ 
Eyalu A fion^ Technical Report No. 401 . X03p. , MF and HC avail- 
'able Trom fbRS. ^ ^ " ~ ' : ^ V 



ED 137 101 Troutman, James G. Th^ Effects <ef*a Student Tutor ProRram . ;| 

4 Upohl|feaming in F^feshtnan Mathematics- . 25p. MF and ^C ayallablfe * 
^ f rom'EDRS. . , ! ' - - ' . ♦ 

ED I37 102 Schoen,' Raiffeld L. 'individualized Mathejiatics Instruction: ^ • , j 

What Are the Specif iciProblems ? 25p. MF and' available from 



^ ' ED 137 163 ,Schoen, - Harold L. Tinl fn I 1 1I n i thematics Instruction; % 

^ How Effective Has It Been ig the^^emen tary School? '27p. MF 
available from EDRS. HC not available * from fiDRS. 

^ ' ED 137 104^ ^ SchoeUj Harold L.. Individualized Mathematics Instruction; 

# How Effective^ Has It> Been in S^coifdary and Post Sejrondary • 
• Schools ? 16p. MF and HC available from EDRS. !^ 

f . ED 137 106 , % Parin, Harold. ,The, Effect of Verbalization Upon Certain • 
^ ^ ^ MatffematicaX Generj i izafions . ' lOp. MF And JlC available from 

• ^ \ ED 137 4i3, Siegel, ^Alexander W.;. Schadler, IJarglret. The Deylopmeat 1 

. of Young Cliildren^s- Spatial Repi^esentat'lona^ of fehefr ctassrpon^ . 
' . ' . ^ 19p., MF available from EDRS. HC not aval lab Idj^rom EDRS, > 

^WD 137 118 * Baiiersfeld, H. ; An* Others '(Eds;,) Untv^rsicat Bielefeld, > 
Institut fur Didaktik der Miathematjck^ 'Schrif tenreihe, des IDM» 
" ^ • 5/1975 . (Urriversity ^ of ".BjCeletfeld, Institute f or^ the' Teaching ^ 

of Mathematics, Seri-esfof Publications of tbp IDll^ 5/1975). 
210p. MF availably from EDRS.* HC not available Tfrq;n EDRS. 



ED 137 120' Campbell, PatrjLcia jj^irgin, A.^ E. An Evaliytibn of ElemSn- ,r 



feary Schcrol Mat lA^ic s ^ograms Utilizing th6 iWhirC^lculator , 
^ * ' .42p. MF*and HC^^able from EDRS. ' ^ \ , ^ 

A ^^^^^^ 

^ ' ^,137 121 Campbell, Patricia; Virgin, Albert-;^ A Survey of E^ementa^ry vly ' 

School Teaclie^.^- agd Principals' Attitudes to Mathematics and / \ 

Utilizing Mini-Cajculf toys . 27p;/MF>and HC'available frpm :^ \ 

' i EDRS. J . ^ . ' '\ • ' i/ ^ ■ ^ 



Elf lylsf Pascarella^ Ernest T. jLptitude-Tt^eatm^t Intei^action in a 

^ ' College Calculus Coarse .Taught' in 'Personalized Sygtem Q< Inst^uc-^ ^ 
tion and Conveati^oaal forinats t - l8p.^ .MF^agd HC available frol ; • • 
* • . • EDRS. , ' - ' \ ' ^ . : 



\ 



ED -137^38 , Post, Thomaani. ; And Ojthers. Difference^ Between Teachers.' 

Sel^-Ratlngs. and'grinclpal .and University Faculty'^" Idealised . 
Mathematics Teacher as Measured by a Mathematics Inventory . 
Reporting Sesajion . 9p« and HC available from EDRS. j 



/ 



ERIC 



65 . - . 



€> 



ED. 137 356 Halinski, Ronald S.; Vogel,;* 



I'l'^'^ducatlo 



^ _ _ . onal ,axid ' ^ 

' Instltutional'Effects of Avardinjl*' Creftt fpt the ClW Genferal ^ 
ExamlnatloQ In Mathematics , ^9p> MF and HC avaTlabfte from BDR3, 

ED, 137 41-2 Conway, Larry E.; And OtheTrs. An Analysis oj tfie Results^^ 

of the FloHda EducaUonal* Assessment Using .the. NAEP Model, 
. ' 4t^dln& and-Mathemat -^\^^Q7A-7S. l?7n 
> from EDRS^. "7 ' 



MF and HC' available ? 



ED 137 541 ' tOd^man, Ivan* Stdtevlde Mathematics Performance- Relat 

to Career and Vocation§:lr1gTf^ati<on, Final Report , 39p. MF an 
' * " HC available from EDRS'. * ^ 

ED 13^9^ 008 Fox, 'Lynn, H. Changing Behaviors and Attitudes df Gifted ' 
Girls* '"20p* MF and HC available from EDRS. 




vED^8 45? 



• Downs', W-. A, A Comparison of Ins tructional- Appi<)aches' to 
Teaching the International System of Wedghts and Measures to • 
Elementary School Children with Varying Mental Ability^ Fina^ 
^Repprt . 598p. MF and HC available from EDRS/ 




ED 1' 



CriteyLa for Judging Research Reports and Proposals . ' 

Council of Teachers of Mathematics, Inc.' 5p.' MF and 
^ |le from ^DRS 



Et 138 478 • Scott, Joseph A. Lessons on Selected Geometry Concepts 
4 Written -in Expository ahd Discovery iMNes -of Presentation apd 
- a Test of' Concept Mastery. Practical Paper No. 13 . 215p. MF 



-.4 

^%D 138 547 



and HC available * from EDRS. 



Begle, E. G.;*Am1 Others. Mathematical Retention Over-^he 
Summer*' Te^acher- Corps Mathematics Work/Study Grobp. Working • 
Paper 'No. 1 . . 5p. MF and 41C avai-l|ble from EDRS. " 

/ * , - ; • * - ' * ^ . ^ 

138 548 ^ ^ Begle ^ E. G.>; And Others. , Review of the Literature on Team- 
^ Teaching in-Mjgibematics . Teacher Corps Mathematics Work/Study 
Team> Working PAper No. 3 . 16p. MF and HC available froq^EDRS. 



70 

66 , 



J- 



• ♦ 



a 



MATHEMATICS EDUCATIQN RESEARCH 'STUDIES REPORTED IN JOURNALS AS INDEXED BY 
' ^ ' 'CURR^T INDEX TO JOURNAL^N EDUCATIOjf • 



^ ^ . p July - Septemberi977 

EJ 154 068^ Silvern, "Steven B. ; Yawkey, Thdmas Daniels. An Investigation 
* of the Relationships Between Several Piagetian Conservation Tasks 
and Selected MathematicaL Skills of Children. Southern Journal 
of Edocdtional Research > vlO- n4, pp201-219, Fail 1976. 

EJ 154f098 Kapoor, D. V, A Study of the Status and .the Professional 
Preparation of Secondary School Mathematics Teachers in 
Saskatchewan. Journal of EducationaJL Research and Development , 
v7 nl, pp43-51. Fall 1976, j ' . 

SJ ;L54 224 ^ Uffrichar^, A.. Edward; Collura, Carolyn. The Effect of * 
/ - Emphasizing Mathematical Structure in the Acquisition of Whole 
Number Computation Skills (Addition and Subtraction) by Seven- 
' • / ' and Eight-Year Olds: A Clinical Itprestigation. School Science 
and Mathematics , v77 n2, pp97-104, ^ebr6ary 1977. 

EJ 155'12«$ ^ Dunlap, William P. Measuring Mathematical Attitudes of EMH 
^ » ' Children. Education and Training of the Mentally .Retarded , vll 
.n3, pp'223-224, October 1976. , . ^ . 

EJ 155 789 Nesher, Pe^rld. Th^ree Determinants j)f iculty in Verbal 
Ar^. timet ic. Problems. Educational' Studies in Mathematics , v7.^4, 
' * PP369-388,.; December 1976; , ' ' i[ 

E^155 792 Vifmer, Shlomo. The Uaive Concept, of Definition in Matne- • 
matics. Educational Studies in Mathematics , 'v7 n4, pp4rJ-429, 
dec^mber 1976.- . • ^ 

EJ 156 021 Laosg, Luis M. Developing Arithmetic, Skills Among Rural ^ 
Villagers* in Ecuador Through Nonformal Education: A XJreld 
Experiment. Journal of EduccTtional Psychology , v68 t(o, pp670- 
' 679, December 1976. ^ ^ ' \ T"^ ^ 

EJ 156 OJl Salman, Deloi^ And Others. Int;errelationships Ajlong* 
^ Several Variables Reflecting Qu*iiitative Thinking in Elemeq- 

^ ' ^Ptary Schocjl Childi;en with Particular .Emphasis upon Th'ose^ 

yleasures ^Involving Metric- and Decimal Skills. Educational and 
V * Psychological Measifrement , v36 n4, iipl003-l(Jl4, Winter 1976. 

* ♦ . ' i • V 

EJ 156 598 Benjavield,. John-. The "Colden Rectangle": Some New; Data/ 

American Journal of Psychology , v89 n4, pp737-743, December 1976.^ 

EJ 15,7 443 ' May^i5, Viviennqfc And Others. Stqdent Attitudes Towain ari * 
Au^io-Tutorial .Course in Precalculus. ^ rfathematics Teacher > vlO 
n3> pp229-23l, March 1977. J' - ' ' 

EJ i57 453 Pereira-Mendoza, Li&nel; Robblns, Maxfield. Jl Study pf theV 

'Obje'ctives of High School "Geometiy as perceived t>y Teachedb and 
' University Mathematics Educators* School Science and Mattfematics , 

• v77 n3. ppl89-196, March 1^77. 



BJ 157 462 Walton, Gene A;; AiTd Others. A FoJiow-up Study of Two 

Method of Xeaching^MathematMoe: Traditional versus New Math. 
, ' • : School Sc^^ and Mathen>atios/ v77. nl,, pp25I-255, March S977> 

EJ 157 §60 Trlvett, John V: Whlfh Jfe^earchers Heliv'TeacliBrs Do Their 



^h ^ «v — ^ — ^ ^ . , — — — 



Job? Mathematics Tychiae ,» n7a, pp39-A3. March' 1977, 



